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formerly.  132776 
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AbbreriBtions  and  ExplanatioiiB. 

Tlie  fonnulte  are  constructed  on  the  basis  H=l.  0  =  16. 
H^O  =  18. 

The  Dormal  tempera turo  for  the  preparation  and  use  of  standard 
Bolutions  is  16°  C,  or  about  60°  Fahr. 

e.c.  denotea  cubic  centimeter. 

gm.       „       gram=15-43t'35  grains. 

grn.      „       t-'Min. 

dm.       „       decern. =10  fluid  grains  at  16°  C. 

1  liter=1000  c.c.  at  16'  C. 

1  c.c.=l  gm.  distilled  water  at  16°  C. 

1  dni.=10  gni.         „  „ 

Distilled  water  is  to  be  used  in  all  the  processes,  unless  otlierwise 
expressed. 

Normal  Solutions  are  those  which  contain  one  gram  atom  of 
reagent  (taken  as  monobasic),  or  an  equivalent  in  some  active 
constitutent  (e.g.,  oxygen)  in  the  bter  (see  p^e  26). 

Decinormal  Solutions  are  one-tenth  of  that  strength  =:"/io. 

Centinormal,  one  hundredth =*/,oo. 

Empirical  Standard  Solutions  are  those  ivliich  contain  no 
exact  atomic  i)ro]»rtion  of  reagent,  but  are  -constructed  generally  so 
tliat  1  c.c^O'Ol  gm.  (one  centigram)  of  the  substance  sought. 

A  Titrated  Solution  {from  the  French  won!  titre,  title  or  iwwer) 
denotes  a  solution  whose  strength  or  clieraical  jKiwcr  lias  been 
acctirately  found  by  experiment. 

Wlien  a  chemical  substance  or  solution  is  directed  to  be  titrated, 
the  meaning  is,  that  it  ia  to  be  quantitatively  tested  for  the  amount 
of  pure  substance  it  contains  by  the  help  of  standard  or  titrated 
solutions.  The  term  ia  used  in  preference  to  /erfwi  or  attali/zetl, 
because  these  expressions  may  relate  equally  to  qualitative  and 
quantitative  examinations,  ivhereas  titrations  can  only  apply  to 
quantitative  examination. 

J.  C.  S.  denotes  .Journal  of  the  Chemical  Society  (Transactions 
only). 

J.  6'.  C.  I.    „  Journal  of  the  Society  of  Chemical  Indiistry. 

Z.  a.  0.         „  Zeitschrift  fiir  Analytische  Cliemie. 

C.  N.  „  Chemical  News. 

Berichte         „  Eerichte  der  Ueutschen  Chemischen  Gesellshaft. 

J.  A?H.  C.  S.  „  Journal  of  the  American  Chemical  Society. 
Other  hook  references  are  given  in  full. 
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EEEATA, 

63.  Fint  note  for  HN,.  read  NU,. 

142.  Second  line  from  top,  for  16-906,  read  16'088. 

220.  No.  7,  for  J  73.3,  read  §  74.3. 

342.  ThirteeDlb  line  from  bottom,  for  tannin,  read  tannic. 

47b.  Lines  11  wid  12,  for  A-B,  read  (A-B). 

499.  Nintb  line  from  bottom,  for  CI  =  35'37,  rend  3o'45. 

The  logs,  for  Ci  and  N*  CI  should  be  3'51962  and  3-76678. 

501.  Eitto  for  Ag  and  Ag  Noj,  20329  and  2-23(MO. 

ADDENDUM. 
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VOLUMETEIC    ANALYSIS 

OF 

LIQUIDS  AND  SOLIDS. 

I'ART  I. 
OrEHfERAL    FBINCIPLES. 

§  1,  t^uASTiTATivs  Biialysia  hy  weif^ht,  or  gravimetric  aiialyuii, 
consists  in  aeiffltBtiiig  out  the  constituents  of  any  comiiouiiil,  either 
ii)  a  pure  titatc  or  in  tlie  form  of .  some  new  su1»stauce  of  known 
t-oniiiosition,  and  at^curately  weighing  the  i)roducts.  Siicli  ojwratiimn 
are  frequently  very  couqilicateil,  anil  occupy  a  long  time,  liesiiles 
requiring;  in  uiany  caseii  ela]H>Tiite  ai)])aratus,  and  the  exerciflt-  of  much 
care  and  exi>eri«iental  knowledge.  Volumetric  i)roceM8es  on  the  other 
hand,  are,  as  a  rale,  quickly  jierformed  ;  in  most  eases  are  suscciitilile 
nt  extreme  accuracy,  and  need  mucli  simpler  a|>paratU3.  The  leading 
]irinci]>le  of  the  luetliod  conflicts  in  submitting  the  sulwtance  to  he 
estimated  t<)  certain  characteristic  reactions,  employing  for  such 
reactions  solutions  of  known  strengtli,  and  from  the  volume  of 
polution  neceswiry  for  the  proihiction  of  Htich  reaction,  determining 
the  weiglit  of  tlie  -suletancc  to  ])e  estimated  hy  aid  of  the  known 
laws  of  chemical  equivalence. 

A'olumetric  analysis,  or  quantitative  chemical  anaty«ds  by  measure, 
in  the  case  of  liquids  and  solids,  consequently  depends  iqwn  the 
following  c(mditions  for  its  successful  practice  : — 

1.  A  solution  of  the  reagent,  the  chemical  [lOwer  of  which  is 
accurately  kuuwu,  called  the  "  standard  solution." 

2.  A  graduateil  vessel  from  which  jwrtions  of  it  may  1>e 
accurately  delivered,  called  the  "  burette." 

3.  Tlie  decom])(»iition  proiluced  by  the  standanl  solution  with 
any  given  suljstance  must  either  in  itself  or  l)y  an  indicattir  ]>e  siicli, 
that  iU  termination  it  unmistaAable  to  the  eye,  and  thereliy  the 
quantity  of  the  su!>stance  with  which  it  has  combined  accurately 
calculated. 

Suppose,  for  instance,  that  it  is  desirable  to  know  the  quantity  of 
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2  VOLUMETRIC    ANALYSIS.  g   1. 

pure  silver  eontaiuiHl  in  a.  sliilliiig.  The  coin  is  tirst  <1iesolve<l  in 
nitric  acii!,  Ijy  which  means  a  bluish  solution,  coutaiuiug  silver, 
eojiper,  and  probably  other  metala,  is  obtained.  It  is  a  known  fact 
tliat  chlorine  combines  with  silver  in  the  presence  of  other  metals 
to  fonn  silver  chloride,  which  iw  insoluble  in  nitric  acid.  Tlie  pro- 
portions in  which  the  combination  takes  place  are  36'45  of  cliloriuc 
to  every  107-93  of  silver;  consequently,  if  a  standanl  solution  of 
jnire  soilium  chloride  ia  prejwred  by  diaaolving  in  water  such  a  weight 
of  the  salt  as  will  be  equivalent  to  35'45  grains  of  chlorine  ( '=  58'37 
grains  NaCl)  and  diluting  to  the  measure  of  1000  grains  ;  every 
single  grain  measure  of  this  solution  will  combine  with  0*10793  grain 
of  pure  silver  to  form  silver  chloride,  which  is  i>recipitated  to  the 
bottom  of  the  vessel  in  which  the  mixture  is  made.  Iik  the  ]>rcices8 
of  aihling  the  salt  solution  to  the  silver,  drop  by  drop,  a  point  is  at 
last  reached  when  the  precipitate  ceases  to  form.  Here  the  ]>rocess 
niust  stop.  On  looking  carefidly  at  the  graduated  vessel  from 
wliich  the  standanl  solution  has  been  used,  the  o]>ei'ator  sees  at 
once  the  number  of  grain  meaHtires  which  has  I)cen  necessary  to 
produce  the  coiuplete  decomposition.  For  example,  su]»iiose  the 
quantity  used  was  520  grain  measures ;  all  that  is  necessary  to  1)e 
done  is  to  miiltii>ly  520  by  tlie  coefticient  for  each  grain  measure, 
viz.  0'10793,  which  shows  the  amount  of  jiure  silver  present  to  l)e 
56  123  grains. 

lliis  method  of  determiniaig  the  quantity  of  silver  in  any  given 
solution  occupies  scarcely  a  quarter  of  an  hour,  whereas  the  estimation 
by  weighing  could  not  be  done  in  half  a  day,  and  e\en  then  not  so 
accurately  as  by  the  voltmietric  method.  It  mttst  be  understoud 
that  there  are  certain  necessary  precautions  in  conducting  the  above 
process  which  liave  not  lieen  descrit>ed  ;  those  will  Ije  found  in  their 
proper  place  ;  but  from  this  example  it  will  at  once  be  seen  that  the 
saving  of  time  and  trouble,  as  compared  with  the  older  methods  of 
analysis,  is  immense  ;  besidee  which,  in  the  minority  of  instances 
in  which  it  can  be  applied,  it  is  equally  accurate,  and  in  many  cases 
much  more  so. 

The  only  couditions  on  which  the  volumetric  system  of  analysis 
ore  to  be  carried  on  successfully  are,  tliat  great,  care  is  taken  with 
respect  to  the  graduation  of  the  measuring  instruments,  and  their 
agreement  with  each  other,  the  strength  and  purity  of  the  standard 
solutioiia,  and  the  absence  of  other  matters  which  would  interfere 
with  the  accurate  estimation  of  the  particular  substance  sought. 

The  fundomontai  distinction  between  gravimetric  and  volumetric 
analysis  is,  that  in  the  former  method,  the  substance  to  be 
estimated  must  be  completely  isolated  in  the  pitfcst  jKwsible  state 
or  combination,  necessitating  in  many  instances  very  jiatient  and 
disciiiuinatiug  labour ;  whereas,  in  volmnetric  processes,  such  com- 
plete sejiaration  is  very  seldom  required,  the  ])rocesses  being  so 
contriied  as  to  admit  of  the  presence  of  lialf  a  dozen  or  more 
other  substances  which  have  no  effect  upon  the  larticular  chemical 
reaction  required. 

The  process  just  described  for  instance,  the  estimation  of  silver 
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in  eoin,  is  a  vase  in  point.  The  alloy  cousists  of  silver  and  copper, 
ivifch  small  proportiona  of  lead,  atitimon}',  tin,  gold,  etc.  None  of 
these  tbiugs  affect  the  aroouut  of  salt  solution  wliicli  is  cliemically 
required  to  precipitate  the  silver,  ivhereas,  if  the  metal  had  to  he 
ileterniiued  by  weight  it  woidd  lie  necessary  to  first  filter  the  nitric 
acid  solution  to  free  it  from  insoluble  tin,  gold,  etc, ;  then  precipitate 
.  with  a  slight  excess  of  sodium  chloriile  ;  then  to  bring  the  precipitate 
ii|M)u  a  filter,  and  wash  repeatedly  witli  pure  water  until  every  trace 
of  copper,  salt,  etc.,  is  removed.  The  pure  silver  chloride  is  then 
«arefidly  dried,  ignited  sejtarately  from  the  filter,  and  weigheil ;  the 
filter  burnt,  residue  aa  reduced  metallic  silver  and  filter  ash  allowed 
for,  and  thiLs  finally  the  aminuit  of  silver  is  found  by  the  Imlance  with 
ordinary  weights. 

On  the  other  liand  the  volumetric  process  lias  been  purely  chemical, 
the  burette  or  measuring  instrument  lias  taken  the  place  of  the 
balance,  and  theoretical  or  atomic  weights  liave  siipplanteil  ordinary 
weights 

The  end  of  the  operation  in  tliis  method  of  analysis  is  in  all  cases 
made  apparent  to  the  eye.  Di  alkalimetry  it  is  the  change  of  colour 
l)rotluced  in  litmus,  turmeric,  or  other  sensitive  coloimng  matter. 
The  formation  of  a  ]iermanent  precipitate,  as  in  the  estimation  of 
cyanogen.  A  precipitate  ceasing  to  form,  as  in  chlorine  .and  silver 
detennination.  The  apjiearance  of  a  distuict  colour,  as  in  iron 
analysis  l>y  )>erinanganate  solution,  and  so  on. 

I  have  adopted  the  classification  of  methods  used  by  Mohr  and 
others,  namely  : 

1.  Where  the  determination  of  the  substance  is  effected  by 
soturatioii  with  another  substance  of  opiiosite  proiwrties — generally 
understood  to  include  acids  and  alkalies,  or  alkaline  earths. 

2.  Where  the  determination  of  a  anbstanee  is  effected  by  a  reducing 
or  oxidizing  agent  of  known  jjower,  including  most  metals,  with  tlieir 
oxides  and  salts ;  the  principal  oxidizing  agents  l>eing  i)Qtassiuni 
{lerraanganatc,  or  bichromate,  and  iodine ;  and  the  corresponding 
reducing  agents,  ferrous  and  stannous  comjKiuiids,  and  sodium  thio- 
sulphftte. 

3.  Where  the  determination  of  a  substance  is  effected  by  pre- 
cipitating it  in  some  insoluble  and  definite  combuiatton,  an  example 
of  which  occurs  in  the  estimation  of  silver  descrilied  above. 

This  classification  does  not  rigidly  include  all  the  volumetric 
processes  that  may  be  used,  but  it  divides  them  into  convenient 
sections  for  describing  the  peculiarity  of  the  reagents  used,  and 
their  preparation.  If  strictly  followed  out,  it  woidd  in  some  cases 
necessitate  the  registration  of  the  body  to  he  estimated  under  two  or 
three  heads.  Copper,  for  instance,  can  be  determined  residually  by 
jjermanganate ;  it  can  also  he  determined  by  precipitation  with  sodium 
sulphide.  The  estimation  of  the  same  metal  by  potassium  cyanide, 
on  the  other  hand,  would  not  come  luider  any  of  the  heads. 

It  will  be  found,  therefore,  tliat  liberties  liave  been  taken  with  tlie 
arrangement ;  and  for  convenient  reference  all  analytical  processes 
applicable  to  a  given  body  are  included  under  its  name. 
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THE  INSTRUMENTS   AND  APPARATUS. 
THE    BAI.ANCE. 

§  2.  Strictly  sjieakiug,  it  is  necessary  to  liave  two  balances  in 
«nkr  to  cBtry  o\it  the  votumetric  system  completely ;  one  to  carry 
about  a  kilogram  in  eacli  jtan,  and  turn  when  loatleit  with  aliout  five 
luilligranis.  Tliia  inatniment  is  used  for  graduating  flasks,  or  for 
testing  them,  and  for  weigliing  lacge  amoinits  of  pure  reagents  for 
standard  sohitionH.  The  second  balance  should  be  Ught  and  dehcate, 
and  to  carry  alwut  fifty  grams,  and  ttim  easily  and  quickly  when 
loaded  with  one  or  two-tenths  of  a  miUigram,  This  instrument  serves 
for  weighing  siiuill  quantities  of  substances  to  be  testeil,  many  of 
which  are  hygroscojuc,  and  need  to  l>e  weigheil  quickly  and  witli  great 
aecuiacy ;  it  also  ser^'es  for  testing  the  accuracy  of  pipettes  and 
liurcttea. 

For  all  technical  puqiosea,  however,  a  miiderate-aized  Iwlance  of 
medium  delicacy  is  quite  sufficient,  es]>ccially  if  rather  large  quantities 
of  sidiatances  are  weighed  and  brought  into  solution — then  furtlier- 
wulxliviiled  by  means  of  measuring  flasks  and  inpettes. 

Ttie  ojietator  also  requires,  ]>esides  the  balance  and  graduated 
instniments  a  few  beakerii,  ])orcelain  basins,  flasks,  funnels,  stirring 
iikIs,  etc.,  ar;  in  gravimetric  analysis  ;  above  all  he  must  be  practically 
familiar  with  projwr  methods  of  filtration,  washing  of  prei;i]utates,  and 
the  application  of  heat. 

VOLTJMETBIC    ATfAIiTSlS    WITHOtTr    WEIGHTS. 

§  3.  This  is  more  a  matter  of  curiosity  than  of  value  ;  but, 
nevertheless,  one  can  imagine  circumstances  in  which  it  might  l>e 
useful.  In  carrying  it  out,  it  is  necessary  only  to  have  (1)  a  correct 
balance,  (2)  a  pure  specimen  of  substance  to  use  as  a  weight,  (3)  an 
accurate  burette  filled  with  tlii'  approjiriate  solution.  It  is  not 
necessary  that  the  strength  of  this  should  !«  known  ;  but  the  state 
of  concentration  should  bo  sucli  as  to  penuit  the  necessary  reaction  to 
in^ciir  utuler  the  most  favourable  circuuistances. 

If  a  jierfectly  pure  specimen  of  substance,  say  calcium  carI>onate,  be 
put  into  one  scale  of  the  balance,  and  1)e  counteqioisud  with  an  impure 
H]>ecimen  of  the  same  sultstance,  and  1)0th  titrated  with  tlie  same  acid, 
and  the  number  of  c.c,  used  for  the  pure  substance  be  called  100,  the 
number  of  c.c.  used  for  the  impure  substance  will  corresirand  to  the 
liercentage  of  pure  calcium  carbonate  in  the  s[)eciiiien  examineil. 

The  application  of  the  process  is,  of  course,  limited  to  the  use  of 
sucli  substances  a.^  are  to  lie  had  ymv,  and  whose  weight  is  not 
variable  by  exposure ;  but  where  even  a  pure  su1>stance  of  one  kind 
cannot  be  liail  as  a  weight,  one  of  another  kind  may  lie  used  as 
a  substitute,  and  the  required  iwsult  obtained  by  calculation.  For 
instance,  it  is  required  l«  ascertain  the  purity  of  a  siwcimen  of  sodium 
carbonate,  and  only    pure  calcium  carbonate  is  at  hand  to  use  as 
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a  weigl  t        I  al         ^,1  tc     f  tl      t        a  e    taken    a    I   tl  e       [  um 
specime     t  trato  1    «■  tl    a    I      To  am  e  at  tl  e  req    Te<I  a      -e      t 
iiecesiia       t(    h    1  a       cfh    ent   o     fa  t<      ] }      1     1    to     on  ert  tl  e 
luinilie      f  rei    n  I  I      tl      ii  1    m  carln    ate       e  gl    1         tie 

caloiuii       tu  tl  at     1     1     1      1 1  I  e  req    re  I  f     e  ^1  e  I  o    tl  e    ml  u 
liaiiirt.     A  coiiHideratum  of  tlii^  relative  luolet'ulaF  \Telglit^  (if  tlio  tnih 
iHHliea  will  f!ive  the  fat-tor  tlms — 


Srn]iiim  carbotifllX!   106 

If,  therefore,  the  c.c.  used  are  niiiltiplieil  liy  tliix  imnil>er,  the  [wv- 
eentafie  of  piire  s(»Umn  carhonate  will  ht  olitaiiieil.  The  iiietli<"l  inay 
hf  estemletl  to  a  numiwr  of  substances,  on  thiw  princijile,  with  tl^l^ 
exercise  of  a  little  ingenuity. 

L.  lie  Koiiingh  has  tomiminioateii  to  me  a  similar  metlHwl  deviseil 
Iiy  himself  aiid  Peacock,  in  which  the  same  end  is  attained  without 
the  aid  of  a  pure  substance  as  standani,  thus :  Way  a  sjiecimen  of 
impure  common  salt  is  to  l)e  examined,  a  moderate  jwrtion  in  put  on 
the  balance  an<l  countei'poisi'd  with  silver  nitrate :  the  latter  is  tlmn 
dissolved  up  to  100  c.c.  and  placed  in  a  burette,  Tlie  salt  is  dissolveil 
in  water,  a  few  drojin  of  ehromate  added  and  titrated  with  the  silver 
solution,  of  which  10  c.c.  is  required  ;  tho  salt  is  therefore  equal  tn 
10  per  cent,  of  iu  weight  of  silver  nitrate,  then— 

lT-93  :  OW4.5  :  t  10  =  3-4-2  %  SaCl 

Or,  in  the  case  of  an  impure  soda  ash,  an  equal  weight  of  oxalic  acid 
i,s  taken  anil  made  up  to  100  r:.c.  ;  the  soda  requiras,  say,  50  c,c.  for 
saturation,  or  50  per  cent.,  then — 

126  :  106  ;  ;  SO^iS^Xa^COa 

It  may  hapi>en  that,  in  some  cases,  more  than  one  portion  of  the 
reagent  is  required  to  deconi[X)se  the  substance  titrated,  anil  to  provide 
against  this  two  or  more  lots  shouhl  lie  weighed  in  the  first  instance, 

VOliTTBIETEIC    AHALTSIS   WITHOUT    BTJTCBTTES    OR 
OTHER    ORADUATED    ISTSTBUMENTS. 

5  4.  This  o])eretiim  consists  in  iveighing  the  stanrlard  solutions  on 
the  i>ala»ee  instead  of  measuring  them.  Tlie  influence  of  variation  in 
temiiemture  is,  of  course,  here  of  no  consequence.  The  chief  reqiiisite 
is  a  delicate  flask,  fitted  with  a  tul>e  anil  lilowing  ball,  as  in  the  burette 
fig.  7,  or  an  instrument  known  as  Schuster's  alkalimetor  may  lie 
used.  A  sjiecial  burette  lias  Wn  deVised  for  this  purpose  by 
Casamajor  (C.  N.  xxxv.  98).  Tlie  method  is  capable  of  very 
accurate  results,  if  care  !«  taken  in  preparing  the  standard  solutions 
and  avoiding  any  loss  in  pouring  the  liijuid  from  the  vessel  in  which 
it  is  weighed.  It  occupies*  nmch  inoi*  time  tlian  the  usual  processes 
of  volumetric  analysis,  but  at  {n^at  extremes  of  temi)(>Tature  it  is  far 
more  accurate. 
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THB    BUHBTTB. 

g  5.  Th[s  instrunietit  Im  used  for  the  delivery  of  aii  accurately 
measured  quantity  of  any  [larticular  stanilant  solution.  It  invariably 
consists  of  ft  long  glasp  tulie  of  even  liorc,  throughout  the  length  of 


Fig.  1.  Fig. -2. 

which  are  engraved,  liy  means  of  hydrofluoric  acid,  certain  divisions 
corresponding  to  a  known  volume  of  fluid. 

It  may  be  obtaine<l  in  a  great  many  forms,  under  the  names  of  their 
reapective  inventors,  such  as  Mohr,  Gay  Lussac,  Biuks,  ete.,  but  as 
some  of  these  ^Kissess  a  decided  superiority  over  othere,  it  is  not 
quite  a  matter  of  indifference  which  is  used,  and  therefore  a  eliglit 
de-scriptioii  of  them  may  ni)t  he  out  of  place  here.  Tlie  burette,  with 
india-rubber  tube  and  clip,  contrived  by  Mohr,  is  shown  in  tigs.  1 
and  2,  and  with  stop-cock  in  fig.  3.     Tliis  latter  form  of  instrument 
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is  jioiv  iiirtile  and  wJil  at  siitli  a  iiioilenitc  jirice  that  it  has  largely 
displaced  the  original  ftinu  dettig^iied  liy  Mohr. 

A  further  iiii])roveiueiit  in  iiioiU'ni  gradiiateil  instnmiontii  aiijiliiil 
to  burettes,  tlieriiioiuetfrs,  etc.,  is  a  strip  nf  milk  gluna  in  the  tuU-, 
liehind  tlie  graduation  marks  anil  Ugiii'es,  ivhicli  are  Hlli'd  ivith  lilatk 
vaniicli  to  render  them  ciMisjncuoiis. 


Fig.  3.  Fig  i. 

The  a<lvaiitag<:s  iioshcsnckI  by  ^luhr's  liiiretti.>  are,  tliat  its  tixeil 
u[irigbt  ponition  onahlcs  the  oiwrator  at  imeo  t"  ivad  oH'  the  \<thiun'  of 
suliitiiin  iiseil  for  any  aiialvHis.  The  quantity  of  fluid  to  \v  delivered 
Win  l>e  regiUated  to  the  greatest  nicety  ;  and  the  instrument  not  lieinf; 
Imld  in  the  hand,  there  la  no  ehahce  of  incieaaiiig  the  hulk  of  tliv 
fluid  hy  tliB  heat  of  the  tiody,  and  thus  leading  to  incorrect  measure- 
ment, as  is  the  case  with  Kinks'  er  Oay  Lussac's  burette.  The 
princiiial  ili  sad  vantage,  however,  of  tliew  two  latter  foniis  in,  that 
a  correct  rtading  can  only  l>e  obtaineil  hy  placing  them  in  an  upright 
[losition,  and  allowing  tlie  fluid  to  find  its  ])erfect  level.  The  jireferencc! 
nlmuld,  therefore,  iiidiesitatiugiy  be  given  to  Molir's  Imrette.  Tlie 
ta]i  )>urptte  may  be  used  not  only  for  Hohiti'ms  afl'ected  by  the  nibber 
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tiilK',  Imt  ftir  nil  other  aolutiona,  and  may  al»<>  'le  airanfjed  ho  aw  t<> 
ik'Iiver  the  liquid  in  drojis,  leaiiiig  both  the  huntU  of  the  <i]ierat4>r 
iliseiinaged.  A  new  arrangement  is  shown  in  Fig.  4,  thu  tap  Iteinn 
jilacetl  iihliqiiely  through  tho  spit,  M  as  to  avoid  itM  drojijiing  out  of 
jilace  -,  the  floats  shown  are  very  small  thermoHietera.  Owing  to  tli« 
action  of  I'atiRtic  alkalies  ui>on  glaKS,  tap  burettt^s  do  not  aiiswor  well 
for  strong  solntions  of  irataah  or  wmU,  tudesfl  emptied  and  wanhed 
immediately  after  iixe.     Avery  gixid  modifi<;atiijn  of  tliis  buretti',  as 


Fig.  5. 

usually  made,  is  to  have  tlie  tup  fuunel-fihajH'd,  which  not  (ndy  adnnts 
of  easier  filliii};,  but  the  burette  may  be  slung  in  a  stand  by  the 
funnel  without  other  su|>]ioi't,  si>  as  to  lie  tilti-il  from  the  vertical 
when  titrating  hot  solutions.  When  not  in  use  the  dust  may  Im-  kept 
ont  hy  a  jjreased  glass  plate.  Two  convenient  forms  of  stand  for 
Mohr's  liurettea  are  shown  in  figs.  5  and  6  :  in  thu  former,  the  arms 
caiTying  tlie  liurettea  n-volve. 

Special  care  should  always  Iw  taken  with  Jlohr's  fnna  <if  burette 
to  till  the  delivery  point  of  the  instrument  and  the  hiterveniiig  mblier 
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tube  ^Mtli  the  liqiui!  before  LOiumencing  a  titration  Tins  la  eaMily 
ibme  bi  hlling  tlie  burette  welt  aJwie  the  0  ntaiL,  then  rapitUy 
fipening  the  thp  wiiii  to  expel  the  air  bubbles — when  tlii>,  is  done  tlie 
i\ce-n  of  Immil  ma\  lie  qiiiLth  rau  ut  to  tlie  mark  In  the  ta]> 
bni'etti  tlie  air  spate  11  smaller  than  witli  the  nibher  tube  but  the 
aarac  iiiethoil  bhuulil  bt:  unanabU  a(Ioptt.d 

A\e  are  indebted  to  Mohr  foi  another  f  inn  of  initninient  to  avoid 
the  contact  of  [tenoanganate  and  nidia  rubbi  r  mz  the  foot  buretU', 
with  elastic  ball  «liowii  in  fag  7 

Tlie  flow  ()f  liquid  from  tbe  evit  tube  can  be  regulattd  to  a  great 
nicety  h^  pressure  up  m  the  ball,  which  ihoiild  be  large,  and  liaie  twii 
r])cnings  — oiu  (uumted  to  the  tube  witli  niarini  glue,  and  tht,  other 
at  the  side,  o\  er  w  hull  tlit  tliiinib  is  placed  n  hen  prt  s^-ed  and  on  tbe 
i(m<\-alrf  nhiih  It  refallsitailf  witliaii 

l.ra\  LuHHac  s  burettt  suii- 
I  orteil  in  a  wiHHlen  fiot,  iua,v  l>e 
used  instead  of  the  akive  form, 
liy  inseiting  a  good  fitting  ei>rk 
into  the  ojien  end,  tlirougli  which 
ft  Miiial!  tube  bent  at  right  angles 
is  im«sed.  If  the  buR'tte  is 
held  in  the  riglit  hand,  slightly 
inclined  towards  tlie  beaker  or 
Husk  tiiti)  whieh  the  fluid  i»  to  In' 
measured,  and  the  mouth  a])plii'il 
to  the  tiiln>,  any  ]iortion  of  the 
si'lution  may  Im-  eni]itied  i)ut  by 
the  pressure  of  the  breath,  aiul 
the  disadvantjige  of  holding 
the  instrument  in  a  horizontal 
]io3ition,  to  the  great  danger  of 
spilling  the  contents,  is  avoided : 
at  the  same  time  the  iteaker  in- 
flask  can  be  held  in  the  left 
I  hand  and  sliakeii  so  as  to  uiix 

Ay  j„  the  fluids,   and    by  this  means 

£i      J/K^  the   end    of    the    operation    be 

^I^^W^^y  more  aeeuratelv  determined  (see 

^^^mB^  fig.  8). 

Fig.  s.  There   is  an  arrangement  of 

Jlohr's  burette  which  is  ex- 
■ries  of  titrations  of  the  same  eharactei- 
have  to  be  made,  suth  as  in  alkali  works,  assay  otKces,  et<.-.  It  consist" 
in  having  a  X  piece  of  glass  tiil>e  inserted  Ix-tween  tbe  lower  end  of 
the  burette  anil  the  spring  cliji,  comniimicating  with  a  resen'oir  of 
the  standard  solution,  placed  aljove  so  tliat  the  burette  may  lie  flllnl 
by  a  syphon,  an  often  as  emptied,  and  iu  so  gradual  a  manner  that  no 
ail'  bubbles  occur,  as  in  the  case  of  filling  it  with  a  funnel,  or  ixmring 
in  liquid  from  a  l)i)ttle  ;  lieside  which,  this  plan  prevenU  e\'aporation 
or  dust  in  the  standard  solution  either  in  the  burette  or  reservoir. 


Fig.  7. 
tremely  servieeahle,  1 
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Figa.  9  ami  1 1  show-  this  arrangement  in  detail.  Connections  of 
this  kind  may  now  Iw  liaii  irith  glass  st<i|)-cocks,  either  of  tlie  simple 
fomi  or  the  jiatent  tw(vway  took,  mude  hy  Oreincr  and  Krii'drichf, 
and  sii]iidipd  liy  ma^t  appaiatiis  dealers  (iig.  10). 


T 


It  sometimes  lia])]iens  that  a  solution  reqiiire.s  titration  at  a  hot  or 
even  boiling  temiwrsturo,  such  as  the  estimation  of  sugar  by  cojijiei- 
solution  :  here  the  ordinary  arrangement  of  Mohr's  burette  will  not 
be  arailable,  since  the  steam  rifing  front  the  liquid  \ieats  the  burette 
and  altera  the  vohinic  of  fluid.-  This  umy  l>e  avoided  either  by  using 
a  special  burette,  in  which  the  lower  end  is  extended  at  a  right  angle 
with  a  sti>i»-cock,  or  by  attucbitig  to  an  ordijiary  burette  a  niueh  longer 
piece  of  india-iiibber  tulie,  so  that  the  burette  stands  at  the  side  of 
the  capsule  or  beaker  Ix-ing  heated,  and  tbfl  elastic  tiibt^  is  brought 
over  its  edge  ;  the  pinch-cock  is  tixed  midway ;  no  heat  can  then 
reach  the  Innly  of  fluid  in  the  Intrette,  since  there  can  lie  no  conduction 
past  tlie  pineh-i'ock,  or  a  hiiretle  with  fimiud  neck  de«Tilied  on  page 
10  may  Ih;  used. 
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(Jay  Liim:<ih:'s  buwtU-  w  mIidwii  m  Hgs.  8  ami  12.  liy  using  it  iii 
till-  following  manner,  itn  natural  (Usailvaiitagi-s  may  he  ovcrt-iinie  to 
a  gn'flt  ('xt«*iit.  Having  tixeil  tlii;  liumtte  into  Ou:  fuut  sftnrely,  and 
tilli'ii  it,  tnkf  it  u]i  Iiy  the  fuut,  ami  resting  the  »\>\h:t  eiul  ujbiii  tlm 
iilgi^  i)f  the  heaker  cimtainiiig  the  whition  tii  Ih-  titintL-il,  ilixiji  tho 
t.st  fluid  fniin  the  hurcttc,  iii.'aiiwhili!  stirring  tlu'  contents  of  the 


Fig.  Vd. 

hi-aker  with  a  glass  ii«l :  hy  u  slight  .■U-vatimi  ,.r  <ie]m-ssi.i(i,  the  flnw 
<if  ti'st  li<|iiiil  in  ri'giiliitLMl  until  the  etui  of  tlie  i>]>eraliini  i"  secured, 
thus  avoiding  the  annoyauoen  which  arise  fmni  ulterimtely  jilaciug  the 
inrtniment  in  an  ujiright  ami  liorizonhil  |Kisitii)n, 

liinks'  lmr.au-  is  well  known,  and  need  not  he  deseril>ed ;  it  is  the 
least  R'toniuiendalile  of  all  fonns,  e-vcept  for  \'ery  rough  estimations. 


;,v_i00^le 
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It  in  coiiveiiieiit  to  Iiave  burettes  irrailuated  to  contain  from  30  to 
50  CO.  in  tV  ■;■<;■  aii'l  100  or  110  c.c.  in  J  or  |  c.c. 

llie  jiintli-cock  generally  used  in  llolit'a  burette  is  shown  in  fiy.  1. 
Tlieae  arc  niaile  of  brass  an<l  are  now  generally  nitkel-plated  to 
jirevcnt  corrosion ;  anotlier  fonn  is  made  of  onn  piece  of  ateel  wire, 
as  devised  by  Hart ;  the  wire  is  wftened  liy  heating  and  coiled  round, 
as  sliown  in  fig.  13.  '\\']ieii  the  jiroper  shajie  lias  been  attaineil,  tlie 
cliji  is  hardened  and  temjiereil  so  as  to  convert  it  into  a  spring. 

Anotlier  pindi-cock  is  shown  in  fig.  13,  It  may  be  made  of  Iianl 
wootl,  honi,  or  preferably,  of  fiat  glass  rod.  Tlie  levers  should  be 
lung.  A  small  piece  of  cork,  of  the  same  thickness  as  the  elastic 
tul>e  of  the  burette  when  pi'esaed  close,  ahimld  be  fastened  at  tbe 
angles  of  the  levi-ra  as  slinwn  in  the  i-ngmving. 


Fig.  1.1. 

The  use  of  any  kind  of  ])inch-c(ick  may  lie  ai-oideil,  and  a  ven- 
delicate  action  nhtaineil,  by  simply  inserting  a  not  too  tightly  fitting 
piece  {)f  solid  gloss  rod  into  the  elastic  tube,  lietween  the  end  of  t!ie 
burette  and  tlie  sjnt ;  a  firm  squeeze  Iwiiig  given  by  the  finger  and 
tliiimb  to  the  elastic  tube  surromiding  the  rod,  a  small  canal  is  ojiened, 
and  thus  the  liquid  escapes,  and  of  cduiim!  can  he  controlled  In-  the 
o]N!rator  at  will  (see  fig,  14). 

THE    PIPETTE. 

§  G.  The  pijiettcs  used  in  vohmietric  work  are  of  two  kinds, 
viz.,  those  which  deliver  one  certain  qiiantity  only,  and  those  which 
are  graduated  on  the  stem,  so  as  to  deliver  various  quantities  at  the 
discretion  of  the  analyst.  In  the  former  kind,  or  whole  pijiette,  the 
graduation  should  be  that  in  which  the  fluid  runs  out  by  its  own 
weight,  but  the  last  few  drops  empty  themselves  slowly ;  if,  however, 
the  lower  end  of  the  pipette  be  toKcheil  against  the  moistened  edge  of 
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the  beaker  or  the  aiirface  of  the  fluid  into  which  it  is  emptiei:!,  the 
flow  is  liasteiied  coiieidcnibly,  ami  in  gmduatiiig  the  ]iipette,  it  is 
(jrefentble  to  adopt  this  plan. 

Ill  Iwtii  the  wliole  and  grailuatcd  pijiettew,  tlie  Hpi>er  end  is  narrowed 
to  alKitit  I  inch,  so  that  the  pressure  of  the  tiii(;er  is  sufKcient  to  arrest 
the  flow  at  any  jmiut. 


\ 


Fig.  : 


Pig.  la 


Pijietlta  are  invariably  fiUeil  by  sucking  the  up])er  etui  with  the 
mouth,  unless  the  liquid  is  volatile  or  highly  poisonous,  in  which  case 
it  is  best  to  use  some  other  kind  of  measurement.  Begiriiiers  in- 
variably find  a  difficulty  in  quickly  filling  the  pipette  above  the  mark, 
and  stopping  the  fluid  at  the  exact  point.  I'ractice  with  pure  water 
is  the  only  method  of  overcoming  this. 

Fig.  15  shows  two  whole  pipettes,  one  of  small  and  the  other  of 
large  capacity,  and  also  a  graduated  pipette  of  medium  size.     It  must 
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be  bonie  in  miiid  tliat  the  pijiette  graduatetl  througliout  the  stem  ie 
not  a  reliable  instrument  for  accurate  titration  owing  to  the  difficulty 
of  stopping  the  flow  of  liquid  at  any  given  point,  and  rending  off  the 
exact  measurement.  Its  chief  nse  is  in  the  approximate  estimation 
of  the  strength  of  any  atandani  solution  in  the  course  of  preparation. 

Fig.  16  allows  a  very  useful  fonn  of  pipette  for  mcasnring  strong 
acids  or  alkalies,  etc.,  tlie  bull)  preventing  the  entrance  of  any  liqidd 
into  the  month. 

THE    UEASUBING    FI.A8E8. 

§  7.  Thme  uidispuiisahle  instruments  are  made  of  viiriouM  cajjacitics ; 
tUey  serve  to  mix  up  standanl  solutions  to  a  given  volume,  and  also 
for  the  subJivisiou  of  the  siilistence  to  be  tested  by  means  of  the 
pipettes.  They  should  l>e  as  narrow  in  the  neck  as  is  compatible 
with  jmuring  in  and  out,  and  the  graduation  line  shonhl  fall  just 


Fig.  17.  Pig.  IM. 

below  the  middle  of  the  neck,  so  to  allow  room  for  shaking  up  the 
fluid.  CoBvenieut  sizes  are  100,  200,  250,  300,  500,  and  1000  c.c, 
all  giaduated  to  contain  the  respwtive  quantities.  If  required  Ui 
deliver  these  volumes  they  must  have  a  second  higher  mark  iu  the 
neck,  obtained  by  weighing  into  the  wetted  and  drained  flasks  the 
respective  numl>er  of  grams  of  distilled  wat«r  at  16°  C.  A  liter  flask 
is  shown  in  fig.  17. 

W.  B.  Giles  has  described  a  moditied  flask  (C.  N.  Ixix.  99)  shown 
in  fig.  18.  It  is  liandy  in  making  up  standanl  solutions  where  the 
reagent  cannot  be  weighed  in  an  absolutely  pure  state,  for  instance, 
Bulpbnric    acid,    ammonium    thiocyanate,    or    uianic    salts.       Such 
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i  qiiantity,  Iiumwi-t,  is  taken  as  will  giw.  n  wJuti'iii  uIhuiI  a  niiitli 
■r  tenth  loo  otMii}!,  ami  ttie  nitasiin.-  iw  nuwlc  U]>  t-i  1 100  cc.  Tin;  n-ni 
strengtii  is  then  taken  liy  tnn 
titrations  mi  25  i>r  30  v.t:  with 
a  kiiiiwn  staiiilani,  si>  that  its 
exuft  workinj; Htrenjith  is  known; 
the  rrnininiler  of  tho  100  o.i-.  is 
then  removetl  ilowii  t^.  the  1000 
e.c.  murk,  anil  a  sli^jht  ciileulatiuii 
will  ^hi.w  how  nuu-h  water  has 
to  he  aihU'il  to  the  1000  t.e.  t.. 
make  a  eorreet  sulutiun.  If  onlv 
a  liter  in  made  n]),  an  nnknown 
volnme  is  left  in  the  flask,  arid  it 
nm^t  1h- trail sferreit  to  a  ineaHiiriii^ 
eyliniler,  when-,  owin^  to  tlni 
largo  iliainetei'  of  the  ves^«'l,  the 
j^iluatioii  pan  never  Ih-  so  aecu- 
mte  as  in  the  narrow  neck  of  the 
flask.  Should  the  s,.hLlir,n  |>rove 
to  Jie  imly  alxjiit  a  tenth  t'-> 
stiimjr,  the  neeessary  ililiition  may 
Ih!  made  in  the  flask  itself ;  hnt 
if  stn>n(j;er  than  thi.'',  the  flask 
lanst  lie  emjitietl  into  the  store 
iHittle  and  rinseil  ont  with  the 
measured  quantity  of  water  re- 
ijuired,  whieh  is  then  dmined 
into  the  store  l>ottle,  and  the 
wlK.le  ca«.fnlly  mixed. 

In  addition  tii  the  iiienHunii^ 

fla.sks    it    is    netessan-    to    hav.- 

fOndnated    vessels  of    cyliiidi'ieal 

form  for  the  imrjM^e  of  im-i«riiit; 

"^-  '"■  standaiil  solutions,  etc. 

FiK.  19  shows  a  stoi,i«.it.d 
cylinder  for  this  ]>«r[wse, 
}^-npralIv  called  a  test  mixer. 
\Vide-iii.withed  o|H.n  eylinders, 
witli  fl]>onts,  are  also  n.sed  of 


ON    THE 

COBBECT    BEADINQ 

OF    GRADUATED 

INSTBUMEITTS. 

p.     g.  *i  !*.     The  siirfaL-o  of  liquids 

contained  in  narrow  tubeK  is 

ved,  in  foiiNeqiience  of  the  cai>illary  attraction  exei-t«d  by 
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the  sides  of  tlio  till*.-,  and  consequently  there  id  a  difficulty  ill  obtain- 
ing a  distinct  level  in  the  fluid  t"  l)e  nieaauivd.  If,  howevev,  tlie 
loweat  iKiint  of  the  curve  is  made  to  coincide  with  the  (graduation 
mark,  a  correct  im)i)ortional  reading  is  always  obtained,  lieuce  this 
methixl  of  reading  is  the  most  satisfactorj'  (see  fig.  20). 

Tlie  eye  may  1)e  ai^sisted  materially  in  reading  the  di\'tHiunH  on 
a  graduated  tuhe  by  using  a  [liece  of  white  paper  iir  oiial  glass  held 
at  an  ojigle  of  30  or  40°  from  the  biirette  and  near  the  surface  of  the 
liiHiiil,  or  a  small  rani,  the  lowpr  half  of  which  is 
3  Ilia  kLntd  the  up]>er  rtmaining  white  If  thu  hut  of 
I  }iit»e<n  the  black  and  white  be  liild  nbotit  an 
I  Lighth  of  an  iiuh  beloM  the  surface  of  the  liquid  and  the 
\e  brought  on  a  IcmI  with  it,  the  nieniscU'^  tbiii  uin  be 
ft  11  1)>  transmitted  light,  l)ounded  Ulow  h\  n  iliarjilv 
I  ilihned  blaek  line  \.  card  of  tliii  kind,  sliding  u|>  and 
wii  a  supjiort,  is  of  gnat  use  in  ierif\in^  the  graduation 
thf,  IniKttei  or  jiiiiett)  s  with  a  tathetuiiietLi  Vnother 
od  iiietln«l  11  to  use  a  pitce  of  muToi,  upon  nhith  are 
|(,imiUKd  tvio  strips  of  blaek  iwiixr,  lialf  an  inch  ajiart, 
l>h  it  in  eontatt  with  tht  bmitte  so  that  the  L\f  ean 
reHiettd  in  the  opin  ifiatL  Thi  ojieratoi  niu\  ton-ult 
ith  adianta^t  tho  direeti  'lis  for  ealiliration  ( n  the 
Uouiiig  pa^,  an<l  details  of  ,;radiiatiiig  and  iLnfMng 
mtasunng  instruments  for  tlie  analysis  of  gasn  as  de 
uriljed  til  Pait  7  In  taking  the  readings  of  burettes, 
pipettes,  and  flasks,  the  graduation  maik  sliould  eoineide  as  marh  aa 
[lus-jible  with  the  level  of  the  oi>erators  e\e. 


ri„'  21 


/^  Erdmann's  Float.— This  usefjil  little  instnimeut  to 
V|^  aciromiwny  Mohr's  burette,  gives  the  most  ncciiratc  reading  - 
that  can  l>e  obtained;  one  of  its  forms  is  shown  in  lig,  21, 
anotlier,  containing  a  therinonieter,  ia  shown  in  tig.  4.  The 
latest  form  is  shown  in  fig.  22,  ivhere  the  riiig-iuark  is  made 
within  the  ])ull>,  as  indeed  it  is  best  to  l>e  in  all  eases.    A  sinicial 

Ifonu  for  use  with  ihirk-trolonred  solutions  like  imline,  pjr- 
ijiaiiganate,  etc.,  ie  to  liave  two  bullm  with  the  ring-mark  in 
the  ujnter  bulb,  and  the  instrument  is  so  weighted  tliat  the 
upper  Inilb  stands  out  of  the  liquid,  and  of  course 
Pig.22.,uay  then  be  read  off  as  easily  as  if  the  liquid 
were  transiwrent.  Tlie  instrument  consists  essentially  of 
an  elongatetl  glass  tul)e,  rather  smaller  in  diameter  than 
the  burette  itself,  and  weighted  at  the  lower  end  with 
»  globule  of  mercury.  The  actual  lieight  of  the  liquid 
in  the  burette  is  not  reganled,  because  if  the  operator 
liegins  with  the  line  on  the  float,  0]>i>08ite  the  0  graduation 
mark  on  the  burette,  the  same  proportional  division  is  al«'ays 
maintained. 

It  is  essential  tliat  the  float  should  move  up  and  down  in 
the  burette  without  wavering,  and  the  line  u|)on  it  should  'S* 

always  l>e  jiarellel  to  tho  graduations  of  tlie  burette.  Fig.  23. 
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lUter  for  asoertAining  the  end-reaction  in  certtdn  pro- 
ooBses. — This  is  shown  in  ti^;.  23,  and  the  inatnimeut  is  known  as 
Beale'a  filter.  It  serves  well  for  takiug  a  few  droja  of  clear  solution 
from  any  liquid  in  whi<.'li  a  (M^cipitate  will  not  settle  readily.  To  use 
it,  a  |>iece  of  filter  jjoper  is  tie*!  over  the  lower  end,  and  over  that 
a  piece  of  fine  muslin  to  keep  the  i«per  from  lieing  hroken.  When 
dipped  into  a  muddy  mixture,  the  clear  fluid  rLses  and  may  be  poured 
out  of  the  little  spent  for  testinff.  If  the  process  in  hand  is  not 
completed,  the  contents  are  washed  back  to  the  bulk,  and  the  o|icration 
re|)eated  as  oft*n  as  may  l:>e  retjuired. 


THS    CAIiIBBATIOir    OF    OBADUATED    APPAAATUS. 

§  9.  It  is  obvious  that  in  the  practice  of  lolunietric  analysis  the 
absolute  correctness  of  the  graduations  of  the  I'essela  used  to  a  given 
standard  is  not  necessar)-,  so  long  as  they  agree  witli  one  another.  In 
the  present  <lay  there  are  many  makers  iif  instninients,  some  using  the 
liter  of  1000  grams  of  distilled  crater  at  4"  C,  others  at  15-5°  C,  and 
ami  again  at  17'5°  C.  Under  these  circumstances  it  is  conceivable 
that  operator  may  purcliaae,  from  time  to  time,  a  mixture  of  instru- 
ments of  a  lieterogeneous  cliaraeter.  The  l><'nnan  Im])erial  Stendartf 
Commission  have  now  made  it  legal  oidy  to  use  for  official,  jinrposes 
the  liter  and  its  divisions,  containing  1000  grams  of  jmre  water  at 
4°  C.  (p.  23).  These  instruinents  for  use  in  tliat  country  are  all 
stamped  in  the  same  way  as  commercial  measures  are  sbimpcd  by  law 
in  this  country.  If,  then,  instruments  are  sent  abroad,  they  will  not 
agree  with  the  bidk  of  tlioso  hitherto  used.  4hi  this  account,  as  well 
as  for  general  accuracy,  it  is  necessary  to  calibrate  or  measure  the 

■  divisions  ii[>on  the  various  instruuiente  by  actual  esi>erinieiit,  carried 

"  on  in  a  room  kept  at  the  temiMtratuiv  of  16°  C. 


—The  shortest  way  to  get  at  the  true  contents  of  a  liter 
flask,  or  to  correct  it  for  a  given  temjicrature  by  making  a  fresh  mark, 
is  to  weigh  the  contents  by  substitiitioD,  which  is  dojie  as  fcdlowa ; — 

The  flask  is  cleanetl  and  drietl,  by  first  rinsing  with  alcohol,  then 
ether,  and  the  latter  blown  out  with  a  bellows  or  driven  off  liy  warming, 
when  cool  it  is  placcil  on  a  suifieiently  large  and  sensitive  balance, 
together  with  a  kilogram  weight,  aide  by  side — a  shallow  metal  tray 
is  placed  on  tlie  other  iwn,  and  sufficient  shot  added  to  exactly  balance 
the  flask  and  weight ;  l>oth  the  latU'r  are  then  removed,  leaving  the 
shot  on  the  other  pan.  The  flask  is  then  placed  level,  and  distilled 
water  at  16°  C.  iwured  in  up  to  the  mark  ;  the  moisture  hi  the  neck 
is  removed  after  a  few  minutes  by  filter  pa]»er  and  the  flask  placed  on 
the  empty  i>an,  if  the  two  jians  are  in  equilibrium  the  mark  is  correct, 
if  not,  water  must  1>e  achled  or  removed,  with  a  suiall  pipette,  and  the 
mark  altered.     Smaller  flasks  are  caUhrated  in  the  same  way. 

To  calibrate  a  flask  for  delivering  an  exact  liter  or  less,  some  water 
is  jjoured  into  the  enijity  flask,  which  is  drained  foi'  half  a  minute, 
and  weighed  with  its  stoi»per ;  it  is  then  filled  to  the  neck  with  pure 
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water,  and  closed  Iiy  the  glass  or  riibl>er  stopjier,  to  prevent  evB[)oration, 
and  water  ai1de<l  or  rewioved  as  before.  A  nick  is  then  made  with 
a  diamond,  or  sliarp  file,  opposite  the  lowest  ]iart  of  the  meniscus, 
which  may  be  extended  to  a  proper  mark  after  the  flask  is  emptied. 
Such  a  flask,  when  correctly  marked,  will  deliver  the  volume  required 
at  the  given  tem|)enit«re,  after  the  contents  have  l>eeu  jKiured  out  and 
drained  for  half  a  minute. 

Burettes. — After  firmly  fixing  in  itt  stand,  filling  with  pure  water 
at  16°  C.,  and  getting  rid  of  the  air  bubbles  in  the  tap  or  spit,  the 
exact  level  at  the  0  mark  is  made  preferably  with  an  Erdmanu  float; 
successive  quantities  of  5  or  10  c.c.  are  then  run  into  a  small  dry 
tared  beaker  and  rapidly  weighed.  If  great  accuracy  is  required 
a  closed  vessel  ought  to  Iw  employed,  hut  this  necessitates  the  drying 
after  each  weighing ;  a  very  small  beaker  can  be  easily  wiped  dry, 
and  rapid  weighings  made  without  any  sensible  loss  of  accuracy.  If 
tlie  weighings  liave  shown  reasonable  accuracy,  say  witliiu  a  milligram 
or  so  for  each  c.c,  it  will  be  sufficiently  correct ;  if  otherwise,  a  table 
must  be  constructed,  showing  the  correct  contents  at  any  given  point. 

An  excellent  method  of  calibrating  tap  burettes  is  descrilied  by 
Carnegie  (C.  A'.  Ixiv.  i2),  which  saves  the  labour  invtilved  in  the 
separate  weighings  just  describetl,  but  does  not  give  the  weight 
contents.  A  small  column  of  CS^  satumted  with  water,  and  tinte<I 
with  ioiline,  is  useil  to  lueaaure  the  sjiaees  between  the  grailuation 
marks  of  the  instrument.  Tlie  burette  is  connected  by  rubber  tulje 
with  a  reservoir  of  water  like  that  used  for  mercury  in  gas  apparatus, 
and  by  the  pressure  of  the  water  in  this  reservoir  5  c.c.  or  so  of  the 
CSj  may  be  moved  from  the  Ixittom  upwards,  tliroughout  the  whole 
length  of  the  instruuient,  so  as  to  compare  portions  of  the  scale 
throughout.  It  is  essential  that  the  measurement  takes  place  from 
the  liottom,  which  is  done  by  allowing  water  to  flow  in  up  to  the 
lower  mark  of  the  burette,  tlien  gently  rumiing  iu  the  [wrtion  of  CS^ 
from  a  long  fine  pi|)ette ;  when  settled,  and  the  meniscus  obsen'cd, 
a  cautions  ojwning  of  the  tap  will  allow  of  the  movement  of  the 
colunni,  througli  the  various  divisions,  u]i  tn  the  top. 

Pipettes.— With  the  instrument  made  to  deliver  one  quantity  only 
it  is  generally  sufficient  to  fill  it  by  auction  above  the  mark,  then 
gently  release  the  pi'essure  of  the  finger,  until  the  exact  mark  is 
reached.  The  contents  are  then  run  into  a  dry  tared  beaker,  draineil 
for  half  a  minute  in  contact  with  the  sides  of  the  beaker,  and  the 
beaker  quickly  weighed.  If  not  fairly  correct,  trials  must  1ie  made  hy 
placing  a  tbin  strip  of  gummed  pagier  on  the  stem,  aud  marking  the 
height  of  each  trial  until  the  correct  weight  is  foimd,  when  a  itermanent 
mark  may  be  made. 

Graduated  pipettes  are  best  calibrated  by  filling  them  above  the 
mark,  fixing  them  in  a  stenil  like  a  burette,  closing  the  top  with 
a  stout  piece  of  rubber  tnlje,  clamiied  with  a  strong  clip,  then,  after 
adjusting  the  level,  dra«-ing  off"  in  quantities  of  5  c.c.  or  so,  and 
weighing  in  the  same  way  as  directed  for  burettes. 
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Cylinders. — -The  unly  inethiHl  of  calibrating  tl".'se  votwls  ia  to 
measure  into  tbuiu  reixatcdly  varioiia  vohiniea  of  water,  from  delivery 
)>ipettes  of  proved  ai^curacy,  taking  jirecaiUiuus  an  to  level,  nieuiaciis, 
and  tlie  proiwr  drainage  of  the  pipette  after  each  delivery.* 

FreBeiTation  of  Solutions. — There  ore  teat  Molutioiis  whieh,  in 
couseiiiieiice  of  their  [ironeness  to  decoiiiiTOsition,  eaniiot  be  kept  ut 


Fig.  24.  Fig.  25. 

any  particular  strength  for  a  length  of  time  ;  coiiset|Ueiitly  they  iiuist 
lie  titrated  on  every  occasion  before  being  used.  Slainiuus  clilorido 
and  sulphurous  acids  are  examples  of  sutli  siihitious.  Sjiecial  vt'ssels 
liave  been  deviaed  for  keeping  solutions  liatile  to  alter  in  streugtli  by 
lU'cess  of  sir,  as  shoivu  in  tigs.  24  and  25. 

Fig.  24  is  especially  apphcable  to  caustic  alkaline  wdutions,  the 
lube  i>a8sing  tlirough  the  eaoutehouc  sto])])er  Ijeing  filled  with  dry 
HOila-lime,  resting  on  cotton  wool. 

Fig.  25,  designed  liy  Mohr,  is  a  considerable  im]irovcment  upon 
tliis,  since  it  allows  of  the  burette  being  filled  with  the  solution  from 
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the  stow  liottlu  quietly,  and  without  any  accesa  of  air  wliatever.  Tlie 
vessel  can  lie  used  for  caustic  alkalies,  liarj'ta,  stannous  chloride,  [Kt- 
iiiangaiiate,  autl  sul|ilinroiis  acids,  or  any  other  Hcjuid  liahle  to  undergo 
cliange  hy  alMforhing  oxygen.  Rubber  corks  should  l)e  used  for  these 
lK)tt]e9  ;  and  a  thin  layer  of  white  mineral  oil  is  [toured  on  the  top  of 
the  solution,  where,  owing  to  its  low  s|)ecitic  gravity,  it  always  floabs 
placing  an  ini]>erineahle  division  between  the  air  and  the  solution  ; 
anil  as  this  oil  is  not  affected  hy  these  solutions  in  tlieir  diluted  state, 
this  fonii  is  of  great  advantage.  Fig.  35  can  he  improved  by  liaving 
a  tivf)-lio!eil  nibln'r  stopixr — one  hole  is  used  for  a  tapped  funnel, 
through  which  the  liottle  is  tilled,  the  other  hole  contains  a  small 
ta]>]>eil  tube,  which  is  0]>eiie<l  when  drawing  the  solution  out  or  in 
filling  the  iNittle.  Solutions  not  affected  chemically  by  contact  with 
air  shonid  Iw  ke|rt  in  bottles,  the  corks  or  stopjKTs  of  which  are  i)er- 
fectly  closed,  and  tied  over  with  india-nihlwr 
(It  bladder  to  prevent  evaiMnation,  and  should 
further  Ik;  always  shaken  liefore  use,  when 
they  are  not  quite  full.  The  influence  of 
liriglit  light  U])on  some  solutions  is  very 
detrimental  to  their  chemical  stability  ;  hence 
it  is  advisalile  to  preseri'e  some  solutions  not 
in  immediate  use  in  the  ilark,  and  at  a  tcm- 
l)erature  not  exceeding  15  or  16°  C. 

The  apiaratus  devised  by  J.  C.  Cborley, 
and  shown  in  fig.  26,  will  be  found  useful  fur 
))reserving  ami  delivering  known  volumes  of 
such  solutions  as  alcoholic  ]iotash,  which  are 
liable  to  alteration  hy  exixisiire  to  air.  Tlu' 
wash  Imttle  inserted  in  the  cork  of  the  large 
store  ])ottle  conttiius  a  solutinii  of  caustic  soda, 
and  serves  to  wash  all  air  entering  the  lai^ 
Ixittle.  By  meaiis  of  the  three-way  sto|)-cock 
at  the  )>ottom  of  the  ajijiaratus  the  solution  is 
allowed  to  fill  the  jiipette  and  overflow  into 
its  upiwr  cliambcr,  tlie  excess  being  eanght 
in  the  small  side  bulb  and  reservoir ;  thi.i 
solution  serves  to  wash  all  air  entering  the 
pil«tte  when  the  stoj^cock  is  turned  to  deliver 
the  solution,  which  is  run  off  to  a  mark  just  alwve  the  tap.  When 
full,  the  side  reseri'oir  may  he  emptied  by  withdrawing  the  small 
ground  st<)pper. 


Pig.  26. 


ON    THE    SYSTEM    OP    WEIGHTS    AND    MEASUBES 
TO    BE    ADOPTED    IN    VOLUMETKIC    ANALYSIS. 

IS  10.  It  is  much  to  he  regretted  that  the  ileciniul  system  of 
weights  and  measures  used  on  the  Continent  is  not  uiiivetHally 
adoptol,  for  scientific  and  general  piiri>oaes,  throughout  the  civilisied 
world.  Its  great  advantage  is  its  uniformity  tlinmghout.  The  unit 
of  weight  is  the  gram  {  =  15-43235  grains)  "and  a  gram  of  di.'^tiilcd 
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■H^U-r  ut  i^  C,  or  39°  i'ulir.,  measures  exaetly  a.  ciibic  centimeter. 
The  kilogram  uoiitHiiis  1000  grams,  tlie  lil^r  1000  i^uliic  centimeters. 

It  may  not  be  out  of  place  liere  t'.>  givp  a  wlioit  ilest;ri|itii>ii  of  the 
ni'igiii  of  the  French  decimal  system,  now  used  exclusively  for  Bcientific 
purposes  in  tliat  country,  and  also  in  I'miwia,  Austria,  Holland,  ^"'^10, 
llcnniark,  Belgiunt,  and  Simiu. 

The  commission  ajipointed  in  rrance  fur  the  |>uT]>ose  of  instituting 
a  decimal  system  of  weights  and  measui'e^  founded  tlu-ir  standard  on 
the  length  of  the  meridian  arc  between  the  pJe  and  e^jTiator,  the 
ten-millionth  jiart  of  which  was  called  the  W-/)-e  ( =  39-3710  English 
inches),  althoi[p;li  the  accuracy  of  this  measnreuient  has  bii'ii  dis]>uted. 
It  would  liave  been  prefemhle,  as  aiiice  proixjsed,  that  the  length  of 
a  i^Mdulnm  vibrating  exactly  86,400  times  in  twenty-four  hours,  or 
one  second  for  each  vibration,  e(|uivalent  to  39'13'i'2  Knglit<h  inches 
shoulii  liave  been  taken  as  the  wtauilard  inttre,  in  which  case  it  woidd 
liBve  been  much  easier  to  veiify  the  standard  in  case  it  sliould  !» 
dania}^d  or  ilpstn)yeil.  However,  the  actual  mi'lre  in  use  is  e<iual  to 
39'371  indies,  and  from  tliiw  stan<lanl  its  multiples  and  suMivisiona 
all  proceeil  deiiiiiatly  ;  its  one-tenth  jmrt  lieing  the  iJerimkti-e,  one- 
hundredth  the  rpntim'.-ti%  aiul  one-thousandth  the  vtilliM^lre. 

In  accordance  ivith  tliis,  a  cul>e  of  distilled  water  at  its  great<?Mt 
density,  viz.,  4°  C,  or  39°  Kahr.,  whose  side  measures  one  decimeter, 
has  the  weight  of  one  kilogram,  or  1000  gmuis,  and  ()ccu])ie«  tlie 
volnme  of  one  liter,  or  1000  cubic  centimetew.* 

This  simple  relationship  l>etweeii  liquids  and  solids  is  of  great  value 
in  a  system  of  volumetric  analysis,  and  even  for  ordinary  analysis  by 
weight ;  for  technical  purposes  it  is  ei(iially  as  a]>plica1)le  as  ttie  grain 
system,  the  I'esidts  being  invariably  tabulated  in  (tercentages. 

With  these  l»rief  explanations,  therefore,  I  liave  only  to  state  tliat 
the  French  decimal  system  will  be  nmiidy  used  throughout  tliis 
tivatise ;  but  at  the  same  time,  those  who  may  desire  to  adhere  to 
the  ordinary  grain  weights,  can  do  so  without  interfering  with  the 
aceiiracy  of  the  processes  deseriljed. 

As  has  been  Iw-fore  stated,  the  cubic  centimeter  contains  one  gram 
of  distilled  water  at  its  greatest  density,  viz.,  4"  C,  or  39°  Falu". ; 
hut  as  this  is  a  degree  of  temperature  at  wliich  it  is  imi>ossihIe  to  work 
for  more  than  a  month  or  two  in  the  year,  it  is  better  to  take  the 
ti.'ni]ierature  of  16°  C,  or  aliout  60"  Fahr.,  as  the  standard ;  Ijecause 
in  winter  most  lalwratorics  or  rooms  have  furnaces  or  other  means  of 
wanntli,  and  in  siuunier  the  same  localities  ought  not,  under  ordinary 
circumstances,  to  have  a  much  higher  degree  of  heat  than  16°  C.  In 
order,  therefore,  tliat  the  graduation  of  instninients  on  the  metrical 
system  may  be  as  uniform  as  possible  with  our  own  fluid  measures, 
the  cubic  centimeter  should  contain  one  gram  of  distilled  water  at 
16°  C.  The  true  c.c.  {i.e.  =  1  gm.  at  4°  C,  or  39"  Fahr.)  contains 
only  0-999  gm.  (strictly  0-998981)  at  tliat  tempeMture ;  hut  for  con- 

*  The  atudard  liter  ii  wrw  defned  to  ^M  tlis  volume  of  ■  Ulognm  of  pure  wsMr  «t 
1'  C.  It  mu  orisiiikUf  intended  to  be  ■  cubic  decimeter,  bat  li  actnu%  wiiaevluit  greBtar. 
HeDce  pftrtfl  of  a  liter,  i.r.,  deoiUter,  centititer,  luid  milliliter  are  not  eractt^  equivAlent  to 
IDD,  10,  tr  1  cnUc  eentimetei,  thon^  for  >11  pracUcai  parpoees  they  msj  be  taken  to  be  M. 
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Yenieiiue  of  working,  and  f'lr  iiiiifonuity  with  our  owii  utAinlunlH  of 
voIiimB,  it  is  better  to  make  the  c.p.  contain  one  ^'ram  at  16°  C. 
The  Tea!  ilifference  i:*  one-thoiisaniltli  ]iart.  The  oj>emtor,  therefore, 
Ktipposiiifj  he  desires  to  ^duatu  liis  own  nieasiirin^'  flasks,  must  weigh 
into  tliein  250,  500,  or  1000  Rrams  of  distilleii  water  at,  16"  C,  or 
60°  Fahr. 

Freseiiius  and  others  Imve  advotatctl  the  nac  of  tlio  strict  liter  liy 
the  ^duation  of  iciHtnnneiit.4,  ao  that  they  Hliall  cmitain  999  ^nii.  at 
16°  C.  Mohr,  on  the  contrary,  nses  a  1000  gin.,  at  the  temi)erature 
of  n-o°,  the  real  diffcreiiei"  ln'ing  12  t-.c.  in  the  liter,  or  (ihout  one 
eijjlit-liundreilth  jiart. 

It  will  1«  seen  alwve  tlint  I  have  advixuted  a  middle  eonise  on  two 
grounds :  (1)  lliat  in  testing  instruments  it  is  inucli  easier  to  verify 
them  hy  means  of  ronnd  numliera,  hucIi  as  5  or  10  gm.  (2)  That 
there  are  many  tliiiusands  of  instniment«>  alreaily  in  use  varying 
between  the  two  exti-emes ;  and  as  these  cannot  well  be  annihilated, 
the  ado]>tion  of  a  mean  will  give  a  less  ]irol)able  amount  of  error 
lietween  the  re«|ieetive  instrtinienix  ;  and,  moreover,  the  ilifference 
between  the  liter  at  4°  and  16°  being  one-tUonaandth  ]>art,  it  is  easy 
to  correct  the  measnrpinent  for  the  exact  liter. 

It  matters  not  which  jilan  is  follownl,  if  all  the  instninicnts  in 
a  [urticular  set  eoineide  with  each  otlier  ;  Init  it  would  l>e  manifestly 
wrong  to  use  one  of  Molir's  burettes  with  one  of  Fresenius' 
measuring  flasks.  Ojierators  twn,  however,  without  much  difficulty 
re-mark  their  measuring  flasks  to  agree  with  their  smaller  graduated 
instrunients,  if  they  are  found  to  differ  to  any  material  extent. 

VariatioiiB  of  Temperature. — In  the  prejwration  of  standani 
iwlutions,  one  thing  niu-'^t  esiipcially  !«  Iwirue  in  mind  ;  namely,  that 
saline  substancea  on  Iwiiig  dissolveil  in  water  have  a  considerable  effect 
U|ion  the  vohune  of  the  resulting  lii^iiid.  The  same  is  also  the  case 
in  mixing  solutions  of  various  salts  or  acids  with  each  other  (see 
Oerlach,  " fSiiecifisclie  Oewidite  der  -Salzloaungen  ; "  also  (ierlach, 
"  Sp.  Gewichto  von  wiiKser^n  I./)siingen,"  Z.  a  C  viii.  245). 

In  the  case  of  strong  ^lutions,  tlie  condensation  in  volume  is  as 
a  rule  cunaiderable  :  and,  therefore,  in  pre|(ariiig  such  solutioua  for 
■  volumetric  analysis,  or  in  diluting  such  solutions  to  a  given  volume 
for  the  j>urpose  of  removing  ali'iuot  ]K)rtions  subsequently  for  examina- 
tion, sufficient  time  must  be  given  for  li<iuiiU  to  assume  their  constant 
volume  at  the  standartl  temjierature.  If  the  strengtJi  of  a  stan<lard 
aolution  is  known  for  one  tenii>emture,  the  strength  comw]ioniling  to 
another  temjierature  can  only  bo  cakulateil  if  the  rate  of  exiwuision  by 
heat  nf  the  liquid  is  known.  The  variation  cannot  ]>e  estimate<l  by 
the  known  rule  of  ex|ianston  in  distilled  water;  for  Gerlach  has 
shown  that  even  weak  solutions  of  acids  and  salt^  expand  far  more 
tlian  water  for  certain  increments  of  temperatun^  The  rate  of 
expansion  for  pure  water  is  known,  and  may  !»  used  for  the  purpose 
of  verifying  the  graduation  of  instruments,  where  extreme  accuracy  is 
required.     The  following  short  table  fnniishes  the  data  for  correction. 

The  weight  of  1000  c.c.  of  water  at  P  0.,  wheTi  detennined  by 
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pressure  is 


means  of  Ijmss  weights  in  air  of  F  C,  ami  at  V' 
efltial  to  1000- J- g»i. 

Slight  I'ariations  (if  atiuosiilieric  j)ressni«  may  tie  entirely  ilisregarded. 


r 

10  '  11 

,. 

13  1  14      15  '  16      17      18      le 

' 

1-34  r43 

1-02 

iW  l-7tt  1-89  2-(W  2-2    2-37  2'56 

'r 

20      21 

!2 

23  1  24      25  1  2C      27 

3'39!3-63' 3-88' 4-13  4-38 

28     29 

30 

1  X 

2-74'  2-S5 

3-17 

4-67  4-94 

5-24 

j:  is  the  quantity  to  lie  subtracted  fixmi  1000  to  olitain  tlie  weij;lit 
of  1000  e.c.  of  wat*r  at  tlie  teiiii>eniture  t°.  TIius  at  20°  2-74  amst 
1>e  ileilueteil  fwm  1000  =  997-26. 

Hearing  tlie  foregoing  remarks  in  niinil,  therefore,  tlie  safeat  plan 
ill  tlie  ojieratioiis  of  volumetric  aualyMi^  su  far  as  meBMiireiuent  in 
concenieil,  is  to  use  Molutiuiia  as  ililute  as  i>ossiliIe.  Alwolute  aceuiucy 
in  estimating  tlie  strength  of  stanilarcl  Kiihitioua  c^an  only  lie  secured 
liy  weight,  the  ratio  of  tlie  weight  of  tlie  solntioji  to  the  weight  of 
active  siilwtant-e  in  it  l>eing  indopeiident  of  tem-jwrature. 

C'asainajor  (C.  N.  xsxv.  160)  has  made  use  of  the  tlata  given  liy 
Matthiessen  in  his  reneurchcH  on' the  ex]Mn8ioii  of  glass,  water,  ami 
niereurj-,  to  conatmct  a  tahle  of  corrections  to  be  used  in  ease  of  using 
any  weak  xtandanl  siilutioii  at  a  <liftVrent  te)u)>emtiirc  to  that  at  which 
it  was  originally  st«n<lar<lize<l. 

The  exjiaiwiion  of  water  is  different  at  different  tem|ieiatures  ;  the 
ex]taiiKioii  of  gla.ss  ia  known  to  be  constant  for  all  tenijieratures  up  to 
100°  C.  The  ciim^'.tiou  nf  volume,  therefore,  in  glass  lnirett*s,  must 
l>e  the  known  exi>ansioii  of  each  c.e.  of  water  for  e^-ery  1"  (J.,  less  the 
known  exiiauMion  of  glasH  for  the  same  teni[H>rature. 

It  is  not  necessary  here  to  reprndwce  the  entire  [lajwr  of  C'asauiajor, 
but  the  results  are  shortly  given  in  the  following  table. 

The  normal  temiierature  i.s  15°  C. ;  and  the  ligures  given  are  tho 
relative  contractions  lielow,  and  exitansions  aliovc,  \b^  C 


Deg.C. 

7 -■000612 
8--00()5»0 
9 -'000550 
10- -000492 
I1--00O420 
12-000334 
13-iX)023a 
14--000124 
in  Nnmml 
16 +  -00.0147 
17  +  -OOOWKi 
IS  +  -000173 

19  +  -000052 

20  +  -oooaii 

21  +  -001039 
824-001240 

23  + -001462 


Deg-C. 

24  + -001686 
26  + -001919 

26  +  ■0021.-i!l 

27  +  ■a)24<;5 

28  +  -002657 

29  + -002913 
80  + -003179 

31  +  -003453 

32  +  -00373!) 

33  +  ■00403.-. 

34  +  004.142 
35 +  '004660 

36  +  '0(54987 

37  +  -005323 
3H  + '005667 
39  +  -006O4O 
40 +  -006382 
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By  means  of  tlieac  mimlior^  it  is  easy  to  calculate  the  volume  fif 

liquiil  ftt  15°  C.  correKiM Hilling  to  any  volume  olwerved  at  any  tenniem- 

tmv.     If  35  c.c.  of  solution  luus  lieen  used  at  37°  C,  the  table  showH 

that  1  cf.  of  ■wat<'r  in  [Muwinf;  from  15°  to  37°  is  increaRctl  ti>  1'005323 

c.c;    therefore,    hy  diviiliiig  35  c.c.    Iiy   1-005323    is   obtained  the 

quotient  34-819  c.c,  which  represents  the  volume  at  15°  enrrefiwiiding 

to  33  c.c.  at  37°  ;  or  the  o|K'ration  can  Iw  MnipHKed  by  ohtaining  the 

fat-tor,  thus  :  . 

i  T>ri--7:n  =  0-994705 
r00oJ^3 

A  tahle  can  thus  Iw  easily  constnitted  wliich- woidd  show  the  factor 
for  each  degree  of  temiierature. 

Tiu'se  corrections  are  uselciw  for  concentrated  solutions,  such  as 
iKimial  alkalies  or  acids  ;  with  great  variations  of  temiterature  thc^'u 
Hoiutioiis  hIiouUI  1k'  used  by  weight. 

Infitrvuudnts   graduated   on    the   Grain   System. — Biirettes, 

|ii|iettfs,  and  fla.'ikH  may  also  be  gi-aduuted  in  grains,  in  whicJi  eaw  it 
is  lii'st  Uj  take  10,000  {^-ains  as  the  stamlanl  of  measurement.  In 
onler  to  lessen  the  luimljer  of  figures  used  in  the  grain  system,  so  far 
as  1i(iuid  uieaHun^s  are  eoncemed,  I  j)rojM>s(-  that  ten  fiui<l  grains  lie 
called  a  ileceni,  or  for  Mbiirtness  dm, ;  this  tenii  crirresjionils  to  the 
cubic  ceiithuet«r,  l>earin};  the  same  projwrtioii  to  the  10,000  gi-ain 
measure  as  tlie  cubic,  («!iiti meter  does  to  the  liter,  namely,  the  one- 
thousandth  iiart.  The  use  of  a  tenu  like  this  will  sen-e  to  prevent 
the  iiumlier'of  tigun-s,  which  are  unavoidably  introduced  by  the  use 
of  a  small  unit  like  the  grain. 

Its  utility  is  princii«]ly  ajijiarent  in  the  analysis  for  |>ercentages, 
jiarticulars  of  whieJi  will  l>e  found  hereafter, 

Tlie  1000  grain  burette  or  iii])ette  will  tjierefore  contain  100  decems, 
the  10,000  gr.  nieasure^  1000  tliu.,  and  so  on. 

The  eaittcities  of  the  various  instriimeuts'  graduated  on  the  grain 
svsteiu  luav  be  as  follows  :  — 

"  Fla-sks  :'  10,000,  5000,  2500,  and  1000  grs,  =  1000,  500,  250,  and 
100  dm,  Kurettcs  :  300  grs.  in  l-gr.  di4'isions,  for  very  delicate 
pur]KiseM  =  30  dm.  in  -,'„ ;  600  grahis  in  2-gr.  divisions,  or  ^  dm,  : 
1100  grs.  in  5-gr.  divisions,  or  J  dm.  ;  1100  gw.  in  10-gr.  divisions,  or 
1  dm.  Thehureth'sare  graduated  al)-tve  the  500  or  1000  grs.  in  onler 
to  allow  itf  analvsis  for  iwreentagcs  hy  the  residual  method.  Whole 
pil>ettes  to  deliver  10,  20,  50,  100,  200,  500,  antt  1000  grs.,  graduated 
ditto,  100  grs.  in  -^\  dm,  ;  500  grs.  in  J  dm.  ;  1000  grs,  in  1  dm. 

Those  who  may  desire  to  use  the  decimal  systems  eonstnicteii  on 
tlic  gallon  measun-  =  70,000  grains,  will  l>ear  in  mind  that  the 
"Hp|)ti'm"  of  (Jriffin,  or  the  "deeimillem"  of  Acland  are  eacji 
eijual  to  7  grH.  ;  and  therefore  liear  the  same  relation  to  the  pound  = 
7000  grs.,  as  tlie  cubic  centimeter  d<K;s  to  the  lit^-r,  or  the  decern  t<i 
the  10,000  grs.  An  entii'ely  different  set  of  tables  for  ealculation.'i, 
etc.,  is  re(]uircd  for  these  systems ;  hut  the  analyst  may  readily 
construi;t  them  wln-n  once  the  iirinciple"  contained  in  this  treatiw 
are  understood. 
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VOIiUMETBIC  ANALYSIS  BASED  ON  THE  SYSTEM 
OF  CHEaCICAL  EQUIVALENCE  AND  THE  PBE- 
FABATION  OF  NOBUAL  TITRATING  SOLUTIONS. 

g  11.  AVhes  aiialvKij;  liy  iiioftsiuii  tirat  taiiiK  intu  \m;  the  tost 
solutions  were  generally  jirejiared  sn  that  (.'ach  siilKlauce  tu  Iw  tested 
liatl  ita  own  ttjicuial  reaf^ut ;  aud  the  titrength  of  the  standanl  solution 
was  so  calculated  ax  to  give  the  result  in  pcwentage^  Conseijuently, 
in  alkalimetry,  a  distinct  stjindard  acid  was  used  for  soda,  annther  for 
{Kitach,  a  third  for  ammonia,  and  so  on,  neuessitatiu)^  a  ^'at  variety 
of  standard  solutiiiii:>. 

Griffin  and  Vre  atHK-ar  to  have  l)een  tlie  lirst  to  sujigest  the  use 
of  standard  test  solutions  baseil  on  the  atomic  system ;  and  following 
in  their  stei)«  Jlulir  has  worked  out  and  veriiii'd  niany  methods  of 
analysis,  whieh  are  of  great  value  to  all  who  concern  themselves  with 
scientific  aud  esj>ecially  technical  clicmiutry.  Not  only  has  Mohr 
ilono  tliis,  hut  in  addition  to  it,  lie  has  eiiriclied  liis  processes  with  so 
many  original  investigations,  and  inqiroved  the  necesaarj'  a]iparatus  to 
such  an  extent,  that  lie  may  with  justice  he  called  the  father  of  the 
voltnnetric  system. 

Normal  Solutions. — It  is  of  great  inqiortance  that  no  miscon- 
efi|ition  should  exist  as  to  what  is  meant  by  a  normal  solution ;  hiit 
it  does  unfortunateiy  occur,  as  may  he  seen  liy  reference  to  the  chemical 
journals,  also  to  Muir's  translations  of  Fleischer's  Ixwk  (see 
Allen,  C.  .V.  xl.  239,  also  Andlytf,  xiii.  ISl). 

Normal  solutions  as  originally  devised  are  preiwred  so  that  one  liter 
at  16°  C.  sliall  contain  the  hydrt^en  equivalent  of  the  active  reagent 
weighed  in  grams  (H  =  l).  Seniinormal,  qninti normal,  decinonnal, 
and  centuiormal  solutions  ai-e  also  iequirc<l,  and  may  he  shortly 
designateil  as  ^/g  ^1^  ^/lo  and  "/loo  solutions.* 

*  Itia  much  ta  be  re^nruttBct  tlmt  ihe  word  "Donual,"  oriiilDu11>'  based  un  llie  equivalent 
nysteiu.  Bhoulil  now  be  appropruted  bj  thoee  vrt  q  advacate  tbe  u>c  of  Bolqtioua  lioAad  on 
molecular  weights,  I  ecause  it  not  OQ\y  leade  ta  eouf ubion  between  tbe  two  BvAtema,  but  to 
uttercoi.(.Honbet--oi-iith«ndvocJteBorthechan«e(hem»e!Te8,  In  Fleischer's  Geraan 
«dilion  of  liii  Xnatatalutt  tte  moleculHr  gittem  is  sivocated.  but.  ne  The  oM  atomic 
«e^bta  are  Tiaed.  the  solution  are  reu'ly,  In  the  maiu,  o'  the  Hinje  etrength  aa  thoaa  bued 
ou  the  eqnl\'alEnt  gjratem.  Pat  tin  son  Muir.  however,  in  liii  tranal  ition,  bai  thtni(ht 
proper  to  uae  modem  atomic  weighia,  and  tlie  cnriotia  remit  li  that  one  ia  diiected  to 
prepure  a  uoniuil  Bolutiun  of  rauatic  pouuili,  with  flBl  imuiia  K  lo  the  liter,  while  a  iionual 
paUHnum  cirhonate  ia  lo  coDtolu  138'£  Kiune  K-COa,  or  ^9-2ftlam■^  K.  lu  the  ume  toIudk 
uf  noluIioUK.  A^aiu,  Mntei.  in  hia  Vanual  i>/  Anat\il<al  Chimifln,.  de9r.es  a  normal 
s.nntiOD  as  havinir  one  molecular  w^ig-hc  of  the  re^if^nt  in  srnmB  ]jer  liter  i  IhenfoUowa 
tliet'liring  inc  m^'iatene;,  nraoiig  others,  ot  diiectinir  that  a  decinonnal  aolnt-ion  of  iodine 
Hhonld  contain  127  irrama  of  I  per  liter,  nherwt,  if  it  was  strirtly  nude  according  to  the 
nriirinBl  definition,  It  ahoiild  conlain  25  lecuuia  In  tbe  liter,  Uenschntkln'"  ^••nlnii'-al 
t,  tisnalated  hj  Locke,  recendV  puUiBhed  h;  Hacmi  Ian  &  Co.,  i 


adopCa  the  molecolar  Byatem. 
IF  Che  unit  K  be  adopted  aa  the  baaia  or  standard,  BiervtLing  is  sinirliBe* 


>t  onlr_  nnadnM.ble  but  impossible, 
itKnilurd  B. 


B  haudhooli,  and  1  maintain  that  t^e  eqni<^ 

srstem  naed  ialhe  onl;  ajstematic  and  conBisteut  one ;  it  was  adopUd  oiiginall;  byH< 
followed  Oy  Preaenina,  and  continued  by  ClaaBBO  in  the  new  edition  o[  Mol 
ritnrautkade.  Allen  himself  haa  unhenltatlnBl^  pieferiHl  to  use  it  in  hia  Ors 
Analuit.  and  Uiese,  tointhcr  with  this  trsatise,  tiemg  all  tcit-bookii  having  a 
drcnlntion,  onght  to  fettle  definitely  the  meaning  of  the  lerai  normal  oa  appli^ 


bo  diaUnguish  between  the  eonAictiug  ayateni 
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111  tht'  (.-itFiu  of  iiiiivaltiiit  HubHtanct-s,  such  >lx  silver,  iiHliiic-,  liyilru- 
thloriu  acid,  solium,  etc.,  tliB  equivalent  and  tiie  atuniic  (oi'  in  the 
case  (if  HaltB,  molecular)  wetglttfl  are  identical ;  thu«,  a  normal  suhitioii 
of  hydrochloric  acid  must  contain  36-15  pnnis  of  the  aci<l  in  a  liter 
of  fluid,  and  sodiiiiu  hydratu  40  sranis.  In  the  cwie  of  bivalent 
sulistances,  siicli  aa  lead,  calcium,  oxalic  ncid,  siiljilHirouH  acid, 
carbonates,  etc.,  the  equivalent  is  one  half  cif  the  at^unic  (or  in  the 
case  of  salts  ni'deciilar)  weight;  thus  a  normal  solution  of  oxalic 
acid  would  I)e  made  liy  dissolving  63  {trams  <)f  the  criMtallized  acid  in 
distilled  water;  and  diluting  the  liquid  to  the  raca.sure  of  one  liter. 

Further,  in  the  cane  of  trivalent  Mulistances,  such  as  ]>hos]ilioric  acid, 
a  noniial  sohition  of  sodium  phosphate  would  Ije  made  by  weighing 
"S-=]I9'3  <riamH  of  the  salt,  disscilving  in  distilled  wiiter,  and 
•lilnting  to  the  lueaMure  of  one  liter. 

(Ine  imjjortant  i>oiut,  howe\'er,  must  not  Iw  fop^tten,  namely,  that ' 
in  prej«riug  solutionn  for  volumetric  analysis  the  vahie  of  a  rciifsent 
as  exjireHsed  by  its  iipiivalent  hydrogen- weight  nmst  not  always  lie 
reganled,  hut  rather  its  iiarticular  reaction  in  any  given  analysiH ;  for 
instance,  tin  is  a  quadrivalent  metal,  hnt  when  using  stannous  chloride 
as  a  reducing  agent  in  the  analysis  of  iron,  the  lialf.  and  not  the 
fourth,  of  its  molecular  weight  ia  r«iiiireil,  as  is  shown  hy  tlie 
eiiuation  i\  Clg  +  Sn  Clj  =  2  I'e  UIj  +  Sn  CI4. 

lu  the  same  manner  with  a  solution  of  ]H>tassium  jiennanganatc 
Xin  K(\  wlieu  used  as  an  oxidizing  agent,  it  is  the  available  oxygen 
which  lias  to  be  taken  into  account,  and  hence  in  constrnetiiig  a  normal 
solution  one-fifth  of  its  molecular  weight  ■L5i  =  3]-6  grams  must  1>e 
contained  in  the  liter. 

Otlier  insluiices  of  a  like  kind  occur,  the  details  of  which  will  1)e 
given  in  the  pro{H'r  ]ilac<-. 

A  further  illustration  may  Ije  given  in  onli-r  to  «liow  the  method  of 
calculating  the  results  of  this  kind  of  analysix. 

Each  c.c.  of  ^/lo  silver  solution  will  contain  twjjjj  of  the  atomic 
weiglit  of  silver=0'010766  gm,,  and  will  exactly  jirecipitate  Ytfuw 
ni  the  atomic  weight  of  chlorine  =  0003.'i.17  gm.'from  anv  solution 
of  a  cldnride. 

In  the  case  of  normal  oxalic  acid  eacli  c.c.  will  contain  juVir  "^ 
the  niolecnlar  weight  of  the  acid  =  0063  gm.,  and  will  neutralise 
-x^ff  of  the  molecular  weight  of  sodium  monocar)xinate  =  0*053  gm., 
or  will  combine  with  ^j^  of  tlie  atomic  weight  of  a  dyad  metal  such 
as  lead -^0*1032  gm.,  or  will  exactly  saturate  j^^jj  of  the  molecular 
weight  of  sodium  hydrate  =  0*040  gm.,  and  so  on. 

Where  the  1000  grain  measure  is  used  as  the  standaiil  in  place 
of  the  liter,  63  grains  of  oxalic  acid  would  !«  used  for  the  normal 
solution;  bnt  an  1000  grains  is  too  small  a  quantity  to  make,  it  is 
better  to  weigh  630  grains,  and  make  up  the  solution  to  10,000  grain 
mea3iiTe=  1000  <lm.  The  solution  would  then  liave  exactly  the  same 
strength  as  if  prepared  on  the  liter  system,  as  it  is  projMirtioiiately  the 
same  in  chemical  power;  and  either  solution  may  l»e  used  indis- 
criminately for  instruments  graduated  on  either  scale,  hearing  in 
mind  that  the  sulistauce  to  he  tested  with  a  e.c.  bmvtte  must  l>e 
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wpij^lieil  <ai  tlie  gram  sviiteiu,  aiul  rice  rer/u'i,  iiuIcks  it  In;  desireil 
t(i  calunlatt.'  one  xyHteiii  of  \rei);litM  Jiitii  the  utlier. 

The  jtTPut  conveiiieni'i'  nf  this  equivalent  Bj-Mteiii  is,  that  thp 
Ti)ii]ilien<  iiwil  aa  coi-fficieiitK  fur  calciitatiMii  in  any  analysis  are 
famihar,  ami  the  solutions  agree  witli  eaeh  other,  vohinie  f«i-  vohime. 
We  liave  hitherto,  however,  looke<l  oiily  at  one  siile  of  itti  ail  vantages. 
yor  technical  |Hiri>oset<  tiie  ])lan  allows  the  tise  uf  all  mihitioiia  <if 
systeniatie  streiigtii,  anil  Biiiii)ly  varies  the  amount  of  sulwtanee  test^'il 
iKTonling  t'j  its  eciuivalent  weight. 

Thus  the  normal  solutioiiH  say,  are— 

CrvBtallized  oxalio  aoid                 ^63  gm.  per  liter 

Sulphurio  acid  -49  gm.  „ 

Hyaroohlorio  aoid  =36.46  gm.  „ 

Witrio  acid  =83  gm.  „ 

Anliydrotis  sodium  carbonate      =63  gm.  „ 

Sodium  hydroxide  ^4Cl  gm.  „ 

Ammonia  =17  gm.  „ 

100  e.e.  of  any  one  of  these  nomial  aci.Is  should  exactly  iientndize 
100  c.e.  of  any  of  the  nonual  alkalies,  or  the  correspomling  amount 
of  |jure  HulistancL'  which  the  100  c.c.  contain.  In  commerce  we 
continually  meet  with  Hulistances  useil  in  iiiaimfaetures  wliicli  are 
not  [lure,  ami  it  is  necessai'j-  to  know  how  much  [lure  siilistauce  they 
ctinbiin. 

Take,  for  instance,  i-eKneil  twwla  asli  (wHliuni  earlionato).  If  it  weii' 
ahsolutely  jmre,  5-3  gm.  of  it  shouhl  miuire  exactly  100  c.c.  of  any 
nonual  aciil  to  saturate  it.  If  we  then'fort!  iveigh  tliat  ([uantity, 
ilissiilve  it  in  water,  anil  ileliver  into  the  uiixtiiri'  the  nonual  acid 
from  a  Inii'ette,  tlie  nuniher  of  c.c.  nHjiiired  to  saturate  it  will  show 
the  iiei-ceiitagp  of  jmre  smiiTtm  carlHinate  in  the  pam]ile.  Su]i]i(i!^e 
90  c.c.  arc  miuireti  =  90 "/.. 

Again — a  iiianu&cturer  liuys  comtnoii  oil  of  vitriol,  anil  ref[iiiw's  to 
know  the  exact  jwrcentage  of  jnire  hyilrateil  aeiil  in  it ;  4'9  grains  are 
wuigheil,  ililuteii  with  water,  anil  normal  alkali  ileliven'il  in  fi<iin 
a  l)uretU'  till  saturateil ;  the  numlwr  of  c.f.  iiseil  will  lie  the  pereentage 
of  real  aciil.     Sujiinwe  .5f '5  c.c.  are  reijuireil  =  58-5  °/\. 

(In  the  gi-aiii  system,  in  the  same  way,  53  grains  of  the  samjile  of 
s»«Ia  ash  wotthl  require  90  ilm.  of  nonual  aciil,  also  equal  to  90  °/^. 

Or,  su|i]ioHe  the  analyst  desires  to  know  the  i>(inivaleiit  iH'n'entage 
of  soilinni  oxide,  free  and  conihined,  eoutaineil  in  the  ahove  sannile 
of  wiila  ash,  witliout  calculating  it  from  the  carlsuiate  foiinil  lus  alwive, 
.3-1  gin.  ifl  treated  at;  hefon',  and  the  number  of  c.c.  reijiiired  is  the 
[lereentage  of  smliiim  osiile.  In  the  same  samjile  Ty2'G  r.c.  would  Iw 
i-e'juired  =  .T2'6  jht  cent,  of  sodium  oxide,  or  90  |ier  cent,  of  sodium 
earlionato, 

Uetbod  for  percentage  of  Purity  in  Commercial  Sub> 
stanoee.— The  i-ules,  therefore,  for  ohtaining  the  iiercentage  of  pure 
siilistances  in  any  commen-ial  article,  such  as  alkalies,  acids,  and 
vainoiis  salt-i,  hy  means  of  svsteuiatic  nonnal  tiolutiims  such  as  have 
heen  ilescrihed 'are  these— 
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1.  With  normal  solutions  ^^  or  ^'^  (aotordiug  to  its  atomit-ity)  of 
the  molecular  weight  in  grams  of  the  siiliHtaiice  to  he  aiialyzeil  is  to 
Iw  weighed  for  titration,  ami  the  iiiiinlwr  <if  c.c.  requireil  to  [ll1Hlul;^^ 
the  iletiireil  I'eactioii  is  tlie  jjercentaf,'?,  of  the  sithatance  whose  atoiuic 
weight  lia»  l)cen  useil. 

\Vit]i  deoiuomial  solutions  -,  J^  or  ^J^^  of  the  niiilec-uliir  weight  in 
grams  is  taken,  anil  the  )iunil)er  of  c.t.  requireil  will,  in  like  iiiaiiriev, 
give  the  [K'rfentage. 

Where  the  grain  system  is  useJ  it  will  l>e  necessary,  in  the  case 
of  titiattng  with  a  normal  solution,  to  weigh  the  whole  or  half  the 
molecular  Weight  nf  the  siitistttui-'e  in  grains,  an<l  the  nninlier  of 
iletenis  retjuired  will  l)e  the  ]>ercentage. 

With  ileeiiiormal  solutions,  ^'^  or  „'jj-  of  the  moleetilar  weight  in 
grains  is  taken,  anil  the  iiuniWr  of  ileeeiiiH  will  Im;  the  jH'rcentage. 

It  now  only  remains  to  say,  with  rcMjieet  to  the  systt'ni  of  w<'ights 
anil  nieasurefl  to  1)e  used,  that  the  analyst  is  at  li]>erty  to  ehoose  his 
own  plan.  Iloth  systems  are  suseeptihle  of  eijual  aecuraey,  and  he 
must  stTidy  his  own  convenience  as  to  which  he  will  aihipt.  The 
normal  sohttions  pre]iared  on  the  graiil  system  are  equally  U]>]>licuhle 
for  that  of  the  .grain,  and  rire  rerti'i,  so  that  there  is  no  neeessity  for 
liaving  distinct  solutions  for  each  syst^'ni. 

FsotoTs,  or  CoeiQcients,  for  the  Calculation  of  Analyses.— 
It  frequently  occurs  that  from  the  nature  of  the  sulistunce,  or  from 
its  lieing  in  solution,  this  percentage  method  cannot  In-  conveniently 
followed.  For  instance,  sup[K>se  the  oiierati»r  lias  a  sohiti'.ni  cniitiiin- 
ing  an  unknown  quantity  of  caustic  potosli,  the  strength  of  which  he 
desires  ti>  know;  a  weighed  or  measured  quantity  of  it  is  lirotiglit 
under  the  acid  hurette  and  exactly  saturated,  32  c.c.  heing  requii-ed. 
The  calcnlation  is  as  follows  : — ■ 

The  molecular  weight  of  iKita-wiinu  hydroxide  iM-ing  56  ;  100  c.c. 
of  nonnal  acid  will  satnmte  5-6  gin. ;   therefore,  as  100  c.c.  are  to 

5-6  X  32 
5-6  gm.,  HO  ore  32  c.c.  to  j^    "  lOO     =l''93gm.  KHO. 

Tlie  simiilest  wa}',  therefore,  to  proceed,  is  to  multiply  the  numher 
of  c.c.  of  t*8t  solution  required  in  anj'  analysis,  by  the  yjjjg  (or  -jg'ojj 
if  hivalent)  of  the  molecular  weight  of  the  substance  sought  which 
gives  at  once  the  amount  of  sulwtouce  present. 

An  example  may  !»  given — 1  gm.  of  marble  or  limestone  is  taken 
for  the  estimation  of  pure  calcium  carbonate,  and  exiu'tly  saturated 
with  standard  nitric  or  hydrochloric  acid — (sulphuric  or  oxalic  acid 
are,  of  course,  not  admissihle)  17'5  c.c.  are  required,  Jieivfore  17'5x 
O'OSO  (the  5Tnrjf  of  the  molecular  weight  of  (JaC(^>s)  gives  0'875  gm. 
and  as  1  gm.  of  substance  only  was  taken  =  87'5  7oOf  *:8h'hnii  earlnuiate. 

ON    THB    DIBECT    AWD    ITfDIEECT    PBOCESSBS   OP 
ANALYSIS   AND    THBIB   TEEH I  NATION. 

§  12.  The  direct  methwl  includes  all  those  analyses  where  the 
substauce  under  examination  is  dceomiwsed  hy  simjde  contact  with 
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a  kcowij  quantity  or  equivalent  proportion  of  BOitie  otiier  Ixxly  cajwlile 
of  combining  witli  it,  and  where  the  eii<l  of  the  i]eeoin[w>sitio!i  in 
manifest  in  tlie  solution  itself. 

It  also  pTOi>erly  includes  those  analyses  in  wliicJi  tlie  substance 
I'eacts  upon  another  iMxIy  Ui  the  expulsion  uf  s  representative  equiva- 
lent of  the  latter,  which  is  then  estimated  as  a  eu1>8titnU'  for  thtj 
thing  reijuircil. 

Exani])les  of  this  method  are  readily  found  in  the  proces.-;  for  tlie 
detenainatioM  of  iron  l>y  {lermanganate,  where  tlie  l)eantiful  rose 
colour  <)f  the  pernianf^mate  assertu  itself  as  the  end  of  the  reaction. 

The  testing  of  acids  and  alkalies  comes,  also,  under  this  class,  the 
great  sensitii'eness  of  litmus,  or  otlier  indicatum,  allowing  the  most 
trifling  excess  of  acid  or  alkali  to  alter  tlieir  colour. 

The  indirect  methut  is  exemjdifietl  in  the  analysis  of  manjjanese 
ores,  and  alwi  other  jieroxides  and  oxygen  aciils,  liy  lioitiiig  with 
hydnwhloric  ati<l.  Tlie  chlorine  evolved  is  estimated  as  the  e<iuiva- 
lent  of  the  qnantity  of  oxygen  which  lias  displaced  it.  We  are 
indebted  to  Ihmsen  for  a  most  aeenrate  and  valnable  series  of 
processes  based  on  this  principle. 

The  residual  uiethiHl  is  such  that  the  sniMitance  to  lie  analyzed  is  not 
estiniatcd  itst-lf,  hut  the  excess  of  some  other  Imdy  added  for  the 
purpose  of  coiuhiniiig  with  it  or  of  ileconiposing  it ;  and  the  quantity 
or  strength  of  the  IkmU-  added  iK-ing  known,  and  the  conditions  under 
which  it  cnffw  into  eombhiation  lieing  also  known,  by  deducting  tlie 
reniaindei'  or  excess  (which  cxist-s  free)  from  the  original  quantity,  it 
gives  at  once  the  projiortional  quantity  nf  tlie  sulwtaiice  sought. 

All  example  will  make  the  principle  ohvious  : — Sujipose  that  a 
samjile  of  native  calcium  or  barium  earlionate  is  to  be  titrated.  It  is 
not  possible  to  estimate  it  with  standaii]  nitric  or  hyilrtichjoric  aci<l  in 
the  exact  quantity  it  requires  for  solution.  There  must  he  an  excess 
of  acid  and  heat  applied  alsii  to  get  it  dissolveil ;  if,  therefow,  a  known 
excessive  quantity  of  standani  acid  lie  iirst  adilp<l  and  solution  olitained, 
and  the  liquid  then  titrated  backward  with  standani  alkali  and  an 
indicator,  the  quantity  of  free  acid  can  be  exactly  detennined,  and 
conscipiently  that  which  is  combined  also, 

In  sinne  analyses  it  is  necessary  to  add  a  sultstance  whicli  shall  be 
an  indicator  of  the  end  of  the  process ;  such,  for  instance,  is  litmus 
or  the  a/o  colours  in  alkalimetry,  jiotassiuni  cbroniate  in  silver  anil 
cliloiiiie,  and  stitreh  in  iodine  estimations. 

There  are  other  prficejises,  the  end  of  which  can  only  be  determined 
hy  an  indicator  sejiarate  from  the  solution  ;  such  is  the  case  in  the 
estimation  of  iron  by  potassium  bichnmiate,  where  a  drop  of  the  liquid 
is  brought  into  contact  with  another  drop  of  solution  of  rcil  potaswium 
pni3siat«  on  a  white  slah  or  plate ;  when  a  blue  colour  ceases  to  form 
by  contact  of  the  two  liipiids,  the  end  of  the  pnicess  is  reached. 
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g  13.  Gay  Lussac  1>ascil  liis  sjBtein  of  alkaliiuetrj'  u|iou  a 
sttuitlard  solution  of  .«<Hliuii)  carltonate,  witli  a  corresponding  solution 
of  sulphuric  acid.  It  posaeasea  the  recumuiMulatitm,  that  a  puiv 
staiidanl  solution  of  sodium  carlxiuate  cati  W  more  readily  obtained 
tlian  any  other  fonu  of  alkali.  Molir  introduteil  the  use  of  caustie 
nlkali  instead  of  a  [.'arlxinate,  the  strength  of  which  is  established  hy 
a  standard  solution  of  osalie  or  sulphuric-  acid.  Tlii?  a<lvantage  in  tlie 
latter  system  is,  tliat  in  titrating  acids  with  a  caustic  alkali,  tlie  well- 
known  interference  prixluced  in  litmus  by  carbonic  acid  is  avoided  ; 
this  diflieulty  is  now  oveii:onie  wheivver  it  i,«  dcnii-ed  by  the  new 
indicators  to  1>u  described. 


INDICATOES    USED    IW    ALKAHMETBY. 

g  14.  1.  XitiiiuH  Solution. — It  has 
been  the  custom  since  tlie  introduction  of 
the  a/o  and  otlier  nioderii  indi«itors,  to 
rei^rd  Htniua  as  old  fashioneil  ami  of  verj- 
doulitful  sensitiveness.  Tliis  i.s  a  mistake, 
for  if  properly  pi-ei»are<l,  it  is,  in  tlie 
absence  of  carlwiiic  acid,  one  of  tlie  most 
sensitive  of  tlie  indicators  used  for  alkalies. 
The  litnnis  of  comniei'ce  differs  consider- 
ably in  purity  and  colour,  but  a  careful 
examination  will  at  once  detect  a  guo^l 
,sj)pcimen  by  tlie  alisence  of  a  greyish 
muddy  colour,  due  to  inert  matters,  botli 
of  A'egetable  and  mineral  nature.  The 
sensitive  colouring  matter  in  litmus  is 
azolitiuiii,  and  liy  piirifying  oi'dinarv 
litmus,  as  described  below,  some  inter- 
fering Iwdies  are  ivmoved,  so  that  the 
indicator  is  far  more  sensitive, 
■p.     ~_  A   simple    solution    may   l>e    made    by 

treating  the  cubes  with  re])eated  small 
quantities  of  hot  water ;  mixing  all  the  extracts,  and  allowing  the 
liquid  to  stand  in  a  covered  1)eaker  for  a  day  or'  night.  The  clear 
blue  liquid  is  then  poured  off  and  placed  in  the  stock  bottle,  together 
with  two  or  three  droiw  of  chloroform  ;  this  latter  agent  prevents  the 
development"  of  bacteria,  and  if  the  Iiottle  is  simply  covered  with 
a  piece  of  i«i<er,  thr<>ugli  which  the  pi|)ette  is  i«ssed,  the  solution  will 
keep  for  a  long  jieriod.  If  the  colour  is  a  deep  blue  it  must  be 
modified  by  a  few  dro])s  of  weak  aeiti,  until  it  is  a  faint  piiride.  In 
course  of  time  it  may  lose  its  colour,  but  this  may  l)e  restored  by 
simple  exposure  in  a  basin.  Another  method  of  pre]>aring  an  extract 
of  litmus  in  a.  concentrateil  form  for  ilihition  whenever  requin-d  is  as 
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follows  ;  extract  ail  wnliilile  iiiatU'tH  from  tlie  wilid  litiiiuH  liy  rciM'uU^d 
qiuutitifx  of  lint  watiT  ;  evaporate  the  iiuxeil  extracts  to  a  iiio«kTat<; 
liiilk,  aiul  add  acetic  ac-iil  in  tilight  exci-K.'*  tii  d('coiiiiH>!<i>  curlNiiiateK  ; 
i^vajiorate  to  a  tlii(.'k  exlrai't,  traiinftr  this  to  n  licaki-r,  and  add  a  lai^ 
l)n)|)Oi'tii)ii  iif  liot  85  [MT  cent,  alcohol  or  iiieth_vkti'd  Hpiiit ;  liy  lliis 
tn'utiueut  tlie  Idiie  colour  is  precipitated,  and  tlic  alknliiip  ni-i-tutes, 
tog(;tlii'r  with  some  red  ciilourinR  matter,  n-maiii  diwuolved  ;  the  fluid 
'\Tit1i  precipitate  is  tlirowii  on  a  tiltcv,  wonlicd  (rith  hot  s]>irit,  aiul  the 
purified  extract  finally  evajxjrated  t«>  a  jsiKte,  which  is  iJaci'il  in  a  wide- 
lutiuthed  lK>ttl<' ;  thiN  extract  will  keep  for  ycaw  mithatifjcd. 

jViiother  niulliod  given  rikk!  results.  Tin;  enmhed  litmus  is  extracted 
with  warm  distilled  water,  a.i  liefore  deserilied,  and  the  Keveml  cxtnicts 
mixed,  then  allowed  to  utaml  in  a  Iw-aker  till  iiiiit<"  clear — this  clear 
extract  is  |h)uriI  off,  freely  acidifiiil  with  liydnK-hloric  acid,  and  put 
into  a  dialysi-r,  which  is  sumxmded  liy  miming  water  and  kept  so  for 
alwut  a  week.  Tiie  colouring  matter  of  iituuw  lieing  a  I'olloid,  all  the 
calcium  and  other  salts  are  removed,  and  a  pun'  colmn'  sululih-  in  hot 
distilled  water  ivniains,  which  may  he  pi'csers'cd  in  the  manner 
previously  deucrilH'd,  or  evapomted  to  a  soft  exti'act. 

Free  carlH>nic  acid  interferes  eonsidemlily  with  the  piiKhietioii  of 
the  hlue  colour,  and  its  interference  in  titrating  aciti  solutions  with 
alkaline  curlN>nat(-.t  can  oidy  he  got  rid  of  liy  Imiling  the  liquid  <luriug 
the  o|H'ratioii,  in  onler  U'  disjilai-e  the  gas.  If  this  is  not  d<iiie,  it  is 
easy  ti>  ovei-steii  the  exHet  iMiiiit  of  neiitndity  in  endeavouring  to 
]ir(>iluce  the  lihie  colour.  Tlie  same  ditlii-nlty  is  also  found  in  ohtjiimug 
the  i>ink-n;d  when  acids  are  xisiil  for  titititiug  alkaline  carliotiatcK, 
lience  the  value  of  the  caustic  alkaline  solutions  free  fiinn  eiirhonii; 
acid  when  this  indicator  is  used. 

It  sometimes  occurs  that  titration  hy  litiims  is  n-fniin-d  at  night. 
(Iwlinary  gas  <ir  lamp  light  is  not  ailapted  for  showing  the  ivaction  in 
»  satisfacbin'  manner ;  lait  a  very  s1iar|i  line  of  deiuarcatiou  )s't»'een 
rcil  and  hlue  may  I>h  foinid  by  using  a  luomM'hwuiiatic  light.  A\'itli 
the  yellow  s<Hlium  flame  the  reil  coloiir  appears  jierfectly  colourless, 
while  tlie  hlue  or  violet  aj>]iears  like  a  mixtnre  of  hlack  ink  and  water. 
The  transititjii  is  very  sudden,  and  even  sharjier  than  the  dutnge  by 
^layliffht. 

The,  ojn'ration  shrudd  lie  conducted  in  a  perfectly  lUrk  mom  ;  and 
the  llanu-  may  he.  liest  ohbkined  hy  heating  a  jiiccc  of  ]ilatinum  coil 
H]>rinkled  with  salt,  or  a  iiiece  of  pundce  saturated  with  a  conceiitiated 
solution  of  salt,  in  the  Bunscn  flame. 

2.  Xatmus  Paper. — ^Is  made    hy  dipping   striiw  of  calendereil 

unsized  iiajwr  in  the  sohition  and  ilrying  them  ;  the  sohtticm  useil 
■  •eing  renderi'd  l>hie,  red,  or  violet  as  may  Iw  reipiireil. 

3.  Cochineal  Solutioii.--Tliis  indicator  possesses  the  advantage 
<iver  litnnis,  that  it  is  not  so  much  modified  in  colour  hy  the  jiivsence 
of  carlvmiu  a(ud,  and  may  1ie  used  hy  gas-light.  It  may  also  lie  used 
iritli  the  Iwst  effect  with  solutions  of  the  alkaline  earths,  siicli  as  lime 
and  iMiryta  water  ;  the  colour  with  pure  alkalies  and  earths  is  csjiecially 
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Kharj)  aiid  lirilliant.  The  sulutiim  is  made  liy  digeHtiiig  1  jMirt  of 
crushed  cochineal  with  10  ]«rts  of  25  [ler-cent.  alcohol.  Its  natural 
cdIout  is  yuUowish-red,  whii'li  ia  turned  to  violet  hy  alkalies  ;  iiutieral 
ucids  restore  the  original  colour ;  it  ia  not  so  easily  affected  hy  weak 
organic  acids  as  litmus,  and  therefore  for  these  acids  the  latter  is 
lireferable.  It  cannot  be  used  in  the  ])resence  of  even  traces  of  iron 
or  alumina  coin)X)unilB  nr  acetates,  which  fact  limits  it-<  use.  Cariuinie 
acid  is  the  true  sensitive  element  in  cochineal,  and  id  sometimes 
in-eferaWe  to  cochineal  in  very  delicate  oiterations, 

4.  Turmeric  Paper. — Pettenkofer,  in  his  estimation  of  carlionic 
acid  by  Imryta  water,  prefers  turmeric  jjajier  as  an  indicator.  For  thia 
liur]>ofle  it  is  best  j)re)>ared  by  digesting  jiieces  of  the  I'oot,  first  in 
rejieated  small  quantities  of  water  to  remove  a  ]>ortton  of  objectionable 
colouring  matter,  then  in  alcohol,  and  di|i{iing  stri]>s  of  calendered 
imiiizeil  i)a)>er  into  the  alcoholic  solution,  drying  and  presornng  them 
in  the  dark. 

Thomson  in  continuance  of  his  valuable  exiKiriments  on  various 
indicators,  fotmd  that  turmeric  japer  is  of  verj'  little  use  for  ammonia, 
or  the  alkaline  carbonates,  or  sulphides  or  sulphites,  but  he  ]ire])ared 
a  KjKcial  ])ai)er  of  a  light  red-brown  colonf,  by  dipping  it  into  the 
alcohol  tincture  of  turmeric  rendered  slightly  alkaline  by  caustic  soda. 
If  this  |>aj>er  is  wette<I  witli  water  the  colour  is  intensified  to  a  dark 
red-brown  ;  when  jwrtly  immersed  in  a  very  dilute  solution  of  an 
mid,  the  wetteil  [wrtion  beco)nea  bright  yellow,  while  immediately 
above  this  a  moistened  dark  red-brown  Itand  is  formed,  and  the  upjier 
dry  portion  retains  its  original  colour.  This  a]ij>eantnce  only  occurs  In 
the  titration  of  a  comfwratively  large  projwrtion  of  an  acid,  when  the 
latter  is  nearly  all  neutralized,  and  thus  serves  to  indicat«  the  near 
approach  to  the  end-reaction.  Wlien  neutral  or  alkaline,  the  colour  of 
tile  immersed  portion  of  |)a])er  is  sinijriy  intensitiml  as  already  described, 
Thia  intensiKcatinn  is  quite  as  deeidetl  as  a  change  of  tint.  This  red- 
brown  pajKr  is  e({ually  a^  sensitive  as  phenol phthaleiu  for  the  titration 
of  citric,  acetic,  tartarii^,  oxalic  and  other  organic  acids  by  standanl 
soda  or  ]iotAsh,  and  may  l)e  u.sed  for  highly  coloured  solutions.  It 
is  also  available,  like  jdienolphtlialein,  for  the  estimation  of  small 
ijuantities  of  acid  in  strong  alcohol. 

Indioators  derived  Arom  the  Azo  Colours,  eto. 

A  great  stride  lias  been  taken  in  the  application  of  tlieae  modem 
indicators,  and  the  thanks  of  all  chemists  are  due  to  R.  T.  Thomson 
for  his  valuable  researches  on  them,  read  before  the  Chemical  Hection 
<if  the  Philosophical  Mociety  of  (ilasgow,  and  [lublished  in  tlieir 
TiMBactione ;  also  reprinted  {0.  N.  xlvii.  123,  185 ;  xlis.  32,  119  j 
J.  S.  C.  I.  vi.  195).  The  exiMiriments  recorded  in  these  ]»aiiers  are 
<'arefkilly  carried  out,  anil  the  truthfulness  of  their  results  lias  been 
verified  by  Lunge  and  other  jiractical  men  as  well  as  by  myself. 

Mpaee  will  only  jwrmit  here  of  a  record  of  the  results,  fuller  details 
l>eing  given  in  the  i)ublications  to  which  reference  has  been  made. 
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5.  Uethyl  Orange,  or  ilimetliylaiuidoazo  In-'uzeno-itiiljilioiiatt:  in 
prepared  liy  tLe  autioti  of  diazotizetl  aulpliauilic  acit)  upon  ilimc- 
thylanilitie,  the  coinmercittl  jiruduct  iH-itig  eitlior  sii  amiuoniinn  or 
sovUum  sail  (if  t\w  siilphoinc  ttcid  thus  produced.  If  cArefidl;^  pi«]ared 
from  tli<;  purest  maleriali*  it  ]>os3ea8ci'  a  hn){bt  orange-rod  colour, 
perfectly  soliilile  iii  water ;  but  the  commerciftl  product  is  oft«a  of 
«  dull  culour,  due  to  nligUt  impurities  in  tlie  suliBtanceH  from  n'hicli  it 
is  pralnced,  and  not  completely  soluble  in  water.  These  im]tui-ities 
may  generally  be  removed  by  reerystalli/atitm  fnun  li»t  alcotiolic 
solution.  Couiplainbt  liai'e  JMieii  ma<li.>  by  scmic  o[ienitiirs  that  tlie 
commercial  article  i»  aumetimeit  unreliable  tut  an  indicator ;  it  may  be 
an,  liut  althoiigli  1  luive  examiued  many  N|ifcinieiiB,  I  have  not  yet 
fo«nd  any  in  which  the  imimrities  seiisilily  afiected  its  delicate  action 
when  used  in  the  pr(t|ier  maimer.  The  common  error  is  the  use  of  Iih) 
luucli  of  it;  a^in,  there  is  tlie  personal  error  of  oliseiA-atiiin,  some 
eyes  Iwing  much  more  seiiKitive  Ut  the  t'hanf,^  of  tint  tlian  <ithers. 
The  great  value  of  this  indicator  is  that,  indike  litmus  aiid  some 
other  a^^nts,  it  is  comiiaratively  iniaHeeted  by  carbonic  acid,  eid- 
phwrctteil  hydrogen,  liydiiicj-anic,  silicic,  Iwrie,  araeuiiius,  oleic,  stearic, 
{jalmitic,  and  carlxjlic  acids,  etc.  It  must  not  i>e  used  for  the  organic 
acids,  such  as  oxidic,  a{-etic,  citric,  tartaric,  eti'.,  since  the  end-rca<rtion 
is  indeliuite ;  nor  can  it  l>e  uwed  in  the  jirenence  of  nitrous  aciil  or 
nitrites,  ivhicli  decompose  it.*  It  may  wifely  be  used  for  the  estimation 
of  fi'oe  miuend  acids  in  aliuii,  fcrroUK  >iulpliate  or  chloride,  Kinc 
sulphate,  cupric  Hulidiutc  or  chli'iide.  Hie  acid  nulical  (and  con- 
sequently its  equivalent  metal)  in  cupric  sul]'bate  and  similar  i<nlts 
may  lie  e.stimated  with  accuracy  liy  jirecipi toting  tbe  solutiim  witli 
sulphuretted  liydrogeu,  filtering,  ami  titratiUK  tlio  ftltrate.  at  once  with 
normal  alkali  and  metliyi  orange. 

Methyl  orange  is  ei<]iccially  useful  fur  tbe  accurate  standaitliziii^  of 
any  of  tile  mineral  acids  by  means  of  jmi'e  sodium  carljimate  in  the 
told,  tbe  lilxrateil  carbonic  acid  liaving  practically  no  effect,  as  is  the 
case  with  many  indicat<irs.  It«  effect  is  also  excellent  with  anmionia 
or  it«  sallf.  A  convenient  strength  for  the  indiuati>r  is  1  gram  of  tlie 
[lowder  in  a  liter  of  distilled  water;  a  single  drop  of  tlie  liquid  is 
sutiicient  for  100  e.c.  or  more  of  any  coiourJess  solution — the  colour 
being  faint  yellow  if  alkaline,  and  jiink  if  acid  :  if  too  much  is  used 
tbe  end-reaction  is  slower  and  much  lews  ilefinite.  All  titrations  with 
methyl  orange  sliould  Ih:  carrie<l  on  at  <mbiiart'  temjH^ratures  if  tin- 
utmost  accuracy  is  desin-d,  and  the  liipiid  titnited  sjionld  not  l>e  too 
dilute.     Ethyl  orange  is  similar  to  the  methyl  orange,  but  isi  not  quite 


6.  PhenaCdtoUn. — This  indicator  is  slightly  soluble  in  wati-r  bnt 
reailily  in  50  [)ercent.  alcohol,  and  a  convenieJit  strength  is  2  gm.  jier 
liter.  The  solution  is  greenish  bi-own,  which  gives  a  scarcely  [K-r- 
c«ptible  yellow  with  cHUstic  siKla  or  |Kitnsh,  when  a  few  drojis  are  \iseil 

*  Sonis  wanton  luTe  na*d  uothjl  onnge  iu  the  tttntlon  ot  nlkalolds,  bnt  tn  b  leHeii  of 
iie(Wive|Joiir.',(m.  Cliviil.  S«.,  Ocl.,1^). '  e     b  ,  i    ic«e   ouu      d  Bom« 
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witli  tlie  ordinary  volumes  of  Jiqiiiil.  With  aniinnnia  ami  tlie  nofinal 
alkaline  carbonates  it  (^vee  a  dark  pink,  with  bi<»rI>onate  a  nitieh  more 
ititwise  pink,  aiid  with  mineral  aeiils  a  golden  yellow.  Tliis  indicator 
may  lie  used  to  eHtimate  the  amount  of  cauntit:  jxttash  or  aoda  in  thu 
l>resente  of  their  normni  carbonates  if  the  proi>ortioii  of  the  former  is 
not  very  small,  or  of  caustic  lime  in  the  presence  of  carlwnate,  bnt  nfr 
ammonia  must  be  present. 

Practice  however  is  required  witli  solutions  of  knoivn  comj>osition 
so  as  to  acqiiirc  knuwledge  of  the  exBt.'t  shades  of  colour. 

7.  Phenolpbtboleiii.' — This  indicator  is  of  a  resinous  nature,  but 
i|uite  si)htl)le  in  50  per-cent.  alcohol.     A  convenient  strength  is  5  gin. 

A  few  dro(»  of  the  indicator  hIiow  no  colour  in  t!ie  ordinary  vohunes 
as  neutral  or  acid  liquids ;  tlio  faintest  excess  of  caustic  alkalies,  on 
the  otliev  hand  gives  a  sudden  cliange  to  jmrple-red. 

This  indicator  is  useless  for  the  titration  of  free  ammonia,  or  iti 
compounds,  or  for  the  fixeil  alkalies  when  salts  of  ammonia  are  present, 
escppt  with  alcoholic  solutions,  in  which  case  caustic  soila  or  jiotasli 
displace  the  ammonia  in  wpiivalent  quantities  at  onluiary  temi)era.- 
tures,  and  the  indicator  forma  no  com])ound  with  tlte  animotnn. 

It  may,  however,  lie  usoti  like  jJienacetolin  for  estimating  the 
proi>ortions  of  hydrate  and  carlwnate  of  atHla  or  potash  in  the  same 
sample  where  the  pi'oportion  of  hydmte  is  not  too  small.  Uidike 
methyl  oiaiige,  this  indicator  is  efl]jecially  itseful  in  titrating  all 
varieties  of  oiyanic  acids  ;    viz.,  oxalic,  acetic,  citric,  tai'tariv,  etc. 

(.)ne  great  advanta(^  iHtssesscd  by  phenulphthalein  is,  that  it  may 
be  used  in  alcoholic  solutions,  or  mixtm-ca  of  alcohol  and  ether,"  and 
therefore  many  oi^nie  acids  insoluble  in  water  may  be  accurately 
titrated  by  its  help;  in  addition  to  this  it  may  be  used  to  estiiua^ 
the  acid  combined  with  many  organic  bases,  such  a;;  mori>hia,  quinia, 
Imicia,  etc.,  the  base  having  no  efl'ect  on  the  indicator. 

Kixture  of  Fhenolpbtlialein  and  Methyl  Orange. — This  is 
a  neutrality  indicator  mwle  by  dissuilving  5  gm.  of  the  first  and  I  gni. 
of  the  latter  in  a  liter  of  50  ]ier-cent.  alcohol.  Tlie  neutral  i>oiut  is 
shown  by  a  leiiu'ii-yellow  colour.  Tlie  slightest  excess  of  either  acid 
or  alkali  shows  in  turn  pink  and  bright  red. 

8-  BoBoIio  Aoid,  CoralUn,  or  Aurine  is  soluble  in  60  (ler-cent. 
alcohol,  anil  a  eoii\'enient  strength  is  2  gm.  ]ier  litt>r.  Its  colour  is 
jiale  yellow,  unaffected  by  acids,  liut  turning  to  violet-red  with  alkalies. 
It  possesses  the  advantage  over  litmus  and  the  other  indicators,  that 
it  can  l*e  relied  ni>on  for  tlie  neutralization  of  BHl]>hui'oii8  acid  with 
ammonia  to  normal  suli>hite  (Thomson).  Its  delicacy  is  sensibly 
affecteil  by  salts  of  ammonia  and  by  carltonic  acid.  It  is  excellent  for 
all  the  mineral,  but  iweless  for  the  organic  acids,  excepting  oxalic. 

*H,  KnndC.  Drapar  (C.  N.  1',  14S)li>voBham  that  this iadirstoi  in  npidl;deoompaKd 
bj  iitii)o«iib«1(i  carbonifl  Bold,  which  ia  more  readilj  nhBorbed  bi  nleohol  thun  bj  walar. 
FortniutelythlHiHlm  thee  rw  with  hot  sohmonB  tkin  oltb  cofd;  litr.itlDii  of  tliiiUnd 
Bhould  tberttoie  be  qnickl;  clone,  uid  with  not  too  emnll  n  quBolitr  "'  f-^^  indintor. 
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9.  Iiaomoid. — nii»  iiuiicator  is  a  prtxldft  i>f  resoix-iii,  and  in 
therefore  ^umewliat  allieit  to  litmus ;  iicvertheletts,  it  <litfer^  from  it 
in  many  resjiectn,  and  lias  a  pronouiiceil  and  valuable  cliaractcr  of  it« 
own,  eq>ecially  when  uaed  in  the  form  of  jia]K'r,  Lacnioid  is  .soKihle 
in  dilute  alcohol,  and  tlie  indicator  iK  made  by  di.ssolviug  3  giii.  to 
the  liter.* 

10.  Laomoid  Paper. — This  is  iirejwred  hy  dipiiiiig  Klijn  nf 
calendered  unsized  japer  iiiti>  the  hlue  or  reil  w>hitioii,  an<l  drying 

Thonisoti  states  that,  in  nearly  every  jiarticnlai',  laemoid  iKijier, 
either  hlue  or  retl,  is  an  excellent  sulistitute  for  methyl  orange,  and 
may  he  employed  in  titrating  coloureil  Bolutions  where  tlie  latter  ivould 
\k  useless.  Solution  of  lacmoid,  on  the  other  liaiid,  is  not  so  \'aluabl<! 
OS  the  i>a))er,  inasmuch  as  it  is  more  easily  aft'ected  l>y  weak  aciil*  sueli 
as  carbonic,  boric,  etc. 

There  are  a  lai^  nnndier  of  other  indicators,  either  in  solution  or 
as  test  jmiieiii,  and  where  necessary  these  will  lie  mentioned. 

11.  Extra.  SensitiTe  Indioatore.— Mvlius  and  FiirMtcr 
{lierirhte,  xxiv.  U82  ;  also  C.  X.  l.\iv.  228,  et  se-j.)  de»cri1>c  a  series 
of  experiments  on  the  estimation  of  minute  traces  of  alkali  and  the 
ii'ci^iition  of  the  neiitmlity  of  wat*r  by  means  of  an  ethereal  solution 
of  iodeosin  or  erj-throsin.  This  bcxly  is  a  derivative  of  fluon-sein,  and 
^jccuM  plentifidly  in  coramurce  as  a  dye  for  fabrics  and  ]»ajier.  Tlie 
eommeu'ial  mat*'riul  is  pnriKed  hy  solutirm  in  afjueons  ether,  and  the 
liltered  siilntion  is  Mbaken  with  dilute  caustic  soila  which  ivmoves  tlie 
colour  ;  the  latter  is  then  ])reei])itated  with  Htronj;i-r  alkali.  The  salt 
is  then  filtered  ott',  washed  with  Bi«rit  and  hnally  reerystallized  from 
hot  alcohol.  The  indicator  used  by  the  ojienitors  was  made  hy 
dissolving  1  decigi^m  of  tlic  dry  jKiwder  iii  a  liter  of  atjueous  pure 
ether.  The  ether  of  commerce  is  puriHed  and  rendei'ed  neutral  liy 
wasliing  with  weak  alkali,  afterwanis  with  pure  water,  and  keei)ing 
the  ether  over  pure  water.  Tlie  indicatjir  so  prejiareii  is  quitti  useless 
for  the  ordinary  titration  of  acids  and  alkalies  ;  its  chief  use  is  for  the 
detection  and  measurement  of  very  minute  ]in)|)ortioiis  of  alkali  such 
as  would  occur  in  water  kept  in  glass  vestiels  or  the  solubility  of 
[■alcium  or  other  earthy  carbonates  in  water  fii'e  from  carbonic  aciil,  or 
in  the  use  of  niiUinormal  solutions  of  a)kali<'s  and  acids,  also  the 
neutrality  of  sii-called  puro  salts  or  water.  Tlie  method  of  using  the 
indicator  is  that  of  sliaking  up  say  20  c.c.  of  the  indicator  with  100 
c.c.  of  the  liquiii  to  l»e  examined,  when,  if  alkali  is  present,  a  rose 
colour  will  Ite  communicated  to  the  layer  of  ether  which  rises  to  the 
ti)p.  The  indicator  may  he  used  in  eonjimction  with  inillinonnal 
Btandawl  solutions,  or  colorimetrically,  like  the  well-known  Xewsler 
test.  Further  details  of  its  use  are  descriljed  in  tlie  contrihutions 
mentioned.     Another  similar  indicator  is  mentioned  hy  Knheniann 

■This  solntioD  li  rendered  mnch  more  eflectiTe  u  an  loiIicHtnr if  FortCar's  muigeimoii 
IB  Adopted,  niimely,  tbe  addition  ol  nlioiit  G  pn,  of  mvpbthol  grMH  to  a  liter  of  ttio  Bolutum 
—the  eBeot  1>  to  prodnoo  a  moro  decide!  blue  colonc  with  albilin  tbu  1«  giieo  by 
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(/,  C.  S.  7'i-aw.  Ixi.  285),  tlie  imiJi:  of  diciiinamyliilienylaziniidi'. 
This  niflteiial  gives  a  violet  rose  colour  with  the  most  luiuute  traces 
of  alkali,  such,  for  instance,  as  woiilil  occur  from  merely  heathift 
alcohol  ill  a  test  tube,— the  faiut  trace  of  alkali  tliiis  derivLil  front  the 
plass  Ijeiiif;  siiflieipTit  to  cause  a  raiiid  development  of  coloiir. 

SHOBT  SUMUABY  OF  THOHSOIT'S  BESTTXiTS  WITH 
INDZCATOBS  AND  PUBE  SALTS  OF  THE  AT.g  AT.TTiS 

AITD  AIiKALINE  EABTH8. 

The  whole  of  the  Ijase  or  acid  in  the  following  list  of  substances 
Diay    l>e    estimated    with    delieaey    and    precision    unless    othenviso 


Litmus  Cold. — Hydrates  of  soda,  i>otaah,  ammonia,  lime,  l)arjt»i, 
etc.  ;  arsenites  of  soda  ami  potasli,  and  silicates  of  the  same  bases  ; 
nitric,  sulphuric,  hydrochloric,  and  oxalic  acids, 

Iiitmufl  Boiling. — The  neutral  and  acid  carbonates  of  ]iotash,  soila, 
lime,  l>aryta,  and  magnesia,  the  sulphides  of  sodinm,  and  [wtassium, 
and  silicates  of  the  same  leases. 

Methyl  Orange  Cold.— Tlie  hydrates,  carbonates,  bicarbonates, 
sulphides,  arsenites,  silicates,  and  grates  of  soda,  jwtasli,  ammonia, 
lime,  magnesia,  laryta,  otn. ;  all  the  luiaieral  actds,  sulphites,  half  the 
l>ase  in  the  alkaline  and  earthy  alkaline  phosphates  and  arseniatcs. 

BoEolio  Acid  Cold. — Tlie  whole  of  the  base  or  acid  may  l)e 
estimated  in  the  hy<lrates  of  potash,  soda,  ammonia,  and  arsenites, 
of  the  same ;    the  miiieral  and  oxalic  acids. 

Bosolio  Aoid  Boiling. — Tlie  alkaline  and  earthy  hydrates  and 
carbonates,  bicar1w>nates,  sulphides,  ai-senites,  and  silicates. 

Pheneoetolin  Cold. — The  hydrates,  arsenites,  and  silicate.s  of  the 
alkalies  ;  the  mineral  aeids. 

Phonacetolin  Boiling.- The  alkaline  and  earthy  hydrate.s,  car- 
bonates, hicarbonates,  sulphides,  arsenites,  and  silicates. 

Phenolphthaleln  Cold.— The  alkaline  hydrates,  except  ammonia  ; 
the  mineral  acids,  oxalie,  citric,  tartaric,  acetic,  and  other  organic  aeids. 

Phenolphthalein  BoUiag. — Tlic  alkaline  and  earthy  hydrates, 
carlxmates,  bicarbonates,  and  sulphides,  always  excepting  ammonia 
and  its  salts. 

Laomoid  Cold. — Tlie  alkalme  and  earthy  hydrates,  arsenites  and 
Iwmtes,  and  the  mineral  aeids.     Many  salts  of  the  metals  which  ai-e. 


.lOo^^ie 


38  VOLUMETRIC   ANAI.YfllS.  §  14. 

mure  or  lesfl  aciil  ti>  litmus  an;  npiitral  t»  lacnioiil,  oui^h  an  the  !iu][iliat<-s 
(Uiii  tliloridfs  of  iron,  copper,  ami  riiic ;  therefore  tliis  iiulitator  wn-ew 
for  p.itimating  free  aciiis  in  audi  miliitioiiH. 

Iisomoid  Boiling.— Tlie  liydratets  carlNHiattw,  and  liicarlnnintea  i>f 
ln>tii,s|i,  wiilft,  ami  alkaline  mrtlis. 

liacmoid  Paper.  —The  alkaline  anil  earthy  hviirates,  carlmnateis 
liicaThonatea,  wilphitles,  nrsenitpH,  silicates,  anil  Iiorates  ;  the  mineral 
ai-ide  ;  half  of  the  IiaKe  in  Rulpliites,  )>li(M|>liati-rs  aiwuiateti. 

Tliitt  iiulicator  reacts  alkaline  with  the  <-hroinati->!  iif  iiotash  or  s(Hla, 
1>iit  neiitrui  with  the  liii-arlionateri,  «o  that  a  niixtnrn  of  the  two,  or  of 
liidirunmt^'H  with  fiie  ehiomic  acid,  may  hi'  titrateil  hy  its  aid,  whii-h 
could  also  Iw  done  with  methyl  orange  were  it  Tiot  for  the  colour  of 
the  solntioiiti. 

Tlie  following  aulmtanci;s  win  Imj  ilctemiineil  hy  utanilard  aleoholie 
jvutash,  with  iihenoliiliLhaleiii  as  indiciitor.  One,  e.c.  normal  eaustic 
l>..ta8h  (1  c.f.  =  -056  gni.  KHO)  is  e.iiial  to     (Hehtier  and  Alien) 

■(W8  gm.  hutyric  acid.  -1007  gm.  tributyrin. 

■2S3    „    oleic,  aeirl,  2947    „    triolein. 

■236    „    lalmttic  acid.  -2687    „    tri|wlniitin. 

-2Si    „    stcfirie  acid.  '2967    „    tristearin. 

■410    „    eerotie  nei.i.  ■6760    „     mvricin. 

■3-29    „    resin  ai-\ih  (ordinjiry  colo|ihony,  chiefly  sylvic  acid). 

General  ChuraoteristioB  of  the  Foregoing  Indicators. 

It  is  interesting  t<)  notice  the  ilifferent  degn'ea  of  sensitivene.-'s 
sliown  hy  indicators  used  in  tiv<ting  acids  and  alkalies.  Tliis  is  well 
illustrateil  hy  Thomson's  experiuifntK,  where  he  used  .■flilutioiifl  of 
the  indicatiir  containing  a  known  weiglit  of  the  solid  niateriaH  and  ko 
adjusted  as  to  give,  as  near  aa  could  lie  jndged,  the  same  intensity  of 
colour  in  the  reaction. 

It  was  found  tliat  lacmoid,  rosolic  acid,  [ihenacetolin,  and  phenoliih- 
tlialein  were  cajiahle  of  showing  the  cliange  of  colour  with  oue-fiftli  of 
the  quantity  of  acid  or  alkali  which  waa  rtniuired  iii  the  cnse  of  methyl 
omnge  or  litnnis  ;  that  iw  to  jwy,  in  100  c.c.  of  liiiniil,  where  the  latter 
took  0^5  c.c,  the  same  effect  with  the  fornu'r  was  gained  liy  01  c.c. 

Another  imjjortiant  distinction  is  shown  in  their  rcsjiective hehmiotir 
with  mineral  and  oi^nic  acids. 

It  is  true  the  whole  of  them  arc  alike  sei-vii;eahlc  for  the  iiiinei'al 
flcids  and  fixed  alkalies ;  hut  they  differ  considcrahly  in  the  case  of 
the  organic  acids  and  ammonia.  ^letliyl  orange  and  lacmoid  a]i|>(>ar 
to  be  most  senaitive  to  alkalies,  while  phenulphthulein  is  most  sensi- 
tive to  aciils;  the  others  apjiear  to  occupy  a  ixwilion  between  these 
extremes,  each  showing,  however,  sjwcial  ]>eculiarities.  The  distinction, 
however,  is  ao  marked,  that,  as  Thomson  says,  it  is  [lossihle  to  liave 
a  liquid  which  may  be  acid  to  |ilienolphthalein  and  alkaline  to  lacnioiil. 

Tlic  presence  of  certain  neutral  salts  has,  too,  a  definite  effect  on  the 
sensitiveness  of  certain  imlii-ators.     Siilphatps,  nitrates,  chlorides,  etc., 
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retard  the  action  of  methyl  onui^'e  sliglitly,  while  in  t\\c  case  of 
phenacetolin  and  phenol phthalein  they  have  no  effeet.  On  the  otlier 
liond,  neutral  salts  of  amniimia  have  auch  a  iliflturhing  iiifluencL'  on  the 
latter  a.s  to  rciiiler  it  useless,  tinlesa  with  xjiecial  piecaiilioiiH. 

Nitrous  aciil  alters  the  coinjMwition  of  methyl  orange ;  so  also  ilo 
nitritra  when  existing  in  anj-  quantity.  Forhes  Carpenter  has  noted 
this  effect  in  teatinfi  the  I'xit  fipises  of  vitriol  tlianibera  (J.  S.  C.  I. 
V.  287). 

Sulphites  of  the  fixed  alkalies  and  alkaline  earths  arc  practically 
neutral  to  phenolphthalein,  but  alkaline  to  litmus,  niethvl  oTan);e,  and 
phenacetolin. 

ijnl|>hides,  again,  can  lie  aecumtely  titrated  with  metliyl  orange  in 
the  cold,  aixl  on  lioiliiig  off  the  K^K  a  tolerably  accurate  result  can  lie 
obtained  with  litmiis  and  phenacetolin,  bnt  with  plienolphtlialein  the 
neutral  jKrint  occurs  when  lialf  the  alkali  \n  saturated.  Tim  phosphates 
of  the  alkalies,  arseniates,  and  arsenites,  alwi  vary  in  their  effects  on 
the  various  indieators. 

Tliomsun  classifies  the  usual  neutrality  indicators  into  three  groui>s. 
The  methyl  orange  group,  comprising  tliat  substance,  together  with 
locmoid,  diniethylaniidolH-nzene,  cochineal  and  Congo  re<l ;  the  ]ihen- 
olphtlialeui  grou)),  consisting  of  itself  and  turmeric ;  tlie  litmus 
groni*,  inclutUng  litmus,  rosolic  acid,  nnd  phenacetolin.  The  methyl 
orange  gronj)  are  most  susceptible  to  alkalies,  the  phenol phthale in  to 
acids,  and  the  litmus  somewhat  between  tlie  two.  This  classification 
has  nothing  to  do  with  delicacy  of  reaction,  hut  u'itli  the  special 
behaviour  of  the  indicator  under  the  same  circumstances  ;  for  instance, 
sali\-a,  which  is  genenilly  neiilial  to  litmus  pe]>er,  is  always  strongly 
alkaline  to  lacmoid  or  Congo  reil,  and  acid  to  turmeric  iwiier.  Fresh 
milk  reacts  very  much  in  the  wime  way.  Xo  alwohitely  hard  and  fast 
line  can  however  lie  drawn. 

Thomson  giv<=i  the  following  table  as  an  epitome  of  the  residt« 
obtaineil  with  indicators,  and  on  which  several  processes  Iiave  l>een 
iHiseti.  The  figures  refer  Xxi  the  numlier  of  atoms  of  hydrogen  displaced 
hy  the  monatoiuic  metals,  sodium  or  potassium,  in  the  fiimi  of 
hydrates.  Where  a  lilniik  is  left  it  is  meant  that  the  end-reaction 
is  obscure.  The  tigure«  ap]ily  also  to  amimmia,  except  wheiv 
phenolphthalein  is  concerne<l,  and  when  lioiling  sohitions  are  u>ie<l. 
Calcium  and  lurium  hydrates  also  give  similar  remdts,  except  where 
insoluble  coiu]>ounds  are  jirodnced.  Lacmoid  jajier  acts  in  every 
respect  like  methyl  orange,  except  that  it  is  not  affected  liy  nitroun 
acid  or  its  compounds.  Turmeric  i>a]>er  behaves  exactly  like  phen- 
olphthalein with  the  mineral  acids  and  also  witli  thiosuljihuric  and 
organic  acids. 

A.  H.  Allen  clearly  (Mniits  out  tliat  the  acid  which  enters  into  the 
comjiosition  of  an  indicator  must  be  weaker  than  the  acid  which  it  iw 
required  to  estimate  hy  its  nteans,  Tlie  aeiil  of  which  methyl  orange 
is  a  salt  is  a  bileiably  strong  one,  since  it  is  only  conipletely  disiilaced 
by  the  mineral  acids ;  the  organic  acids  are  not  strong  enough  to 
overpower  it  completely,  hence  the  imcertainty  of  the  end-reaction. 
The  still  weaker  aciilw,  sncli  as  carbi)nic,  hydrocyanic,  Iwiric,  oleic,  eti.',, 
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do  Hot  dfcoiiipiwi!  the  indicator  at  all,  hence  their  sultn  may  \>o.  titrated 
by  it,  just  as  if  the  Iwses  only  were  present.  On  the  other  liaiid 
the  ociil  of  phenolphthftleiu  is  extremely  weak,  hetiee  its  salts  ar« 


Aoidii 

HetbTlOnuitte.  Phenolphthalein. 

Name.             I      Fonuul.. 

Cold. 

Culd.     Boilkg. 

Sulphuric     .    .  j  H^O. 

2 

2            2 

Nfiric      .    .    . 

HCl 

1        :     1 

1 
1 

B 

2           1      2 

Carbonia  .     .     . 

B 

0          !  1  dilute 

0 

Sulphurous  .     . 

H 

1          f      2 

U 

0           , 1  dilute 

0 

Pliosphoric   .    . 

H 

1         ;     2 

Areeuiu    .    .    . 

H 

I             1       2 

ArsenioLis     .     , 

B 

0        ;    - 

Nitrous    .    .    . 

B 

lii^e»lMd«ln)J<d          1 

Silicic  ....  1  H 

0             ,      — 

Boric  ....  1  H 

0                   — 

Chromic  .     .     .  1  H 

1                             L                =* 

a 

Oiabc .         .     .     H 

■       2 

2 

Acetic .    .    -    .     H 

)       1 

Butyric    .    .    .  '  H 

I 

Succinic   .     .     .  '  H 

2 

Lactic .     .     .     .  H 

1 

T»rt«ric   .    .    .  1  B 

2 

Citric  .... 

£ 

3 

- 

:          Lnn.u..          1 

1     Cold. 

BoUiDB. 

2 

1 

2     1 

1 
2 

z 

0 

0 

0 

" 

» 

2 
inerlv 
1  nearly 
2ne»rl.v 

2 

I       ■' 

- 



t      f 

ll     Illtl  I 

actl  I 


ter^       f  eij 


1  I 
1  ta  1 
t      1 


1  sil 

1 


Iw     t 
1        I  tl 


f  timt  t  tmt  1 
"sail 


ml        lio     tc        «(at  rateti    tl 
1      f       I  I  t        (,  tl        [wrat  tl 

t    1       f  tl  I     tors        1 11  It 

f    th       1      d  t  p       Ih    f        t  k 

me  new  asiiccts  of  tite  (]Ue(<tion  uientioneil  in 
a  paper  liy  K.  T,  Tlioiuson  {J.  S.  C.  I.  xii.  432).  The  ex]H>riinents 
there  recowled  anil  which  are  too  voluminons  to  piiiduce  her*,  arc  of 
a  very  interesting  character  and  ]i(iint  to  tlie  sii]ij>osition  that  nmleeular 
condition,  viscosity  of  the  liquid  or  sume  sucli  influence  was  at  work, 
K(i  OS  to  modify  very  consjih'iaMy  the  at-ti<in  of  the  indicator.  The 
irregularities  occ.nrruig  in  the  cases  nientioneil  aif  no  douht  exceiitional, 
and  neeil  not  disturh  the  faith  hitherto  rei">-ied  in  well  known  an<l 
inuclnised  mithods  rf  titration 

Till  particular  uuIiLati  r  wli(-c  ciiatit  action  wa>.  uncki  disciisMiii 
lias  ph< nolplithalem  anil  it  ^\ai  demunstrat< d,  that  in  u^mg  tins 
uuhcator  in  the  titration  of  Ituric  aLid  with  wsla,  no  satl■>factor^  end 
reaction  could  lie  got  in  n  inerdj  ai|iKiius  solution,  hut  that  ])^  thf 
addition  ot  not  less  tlutn  30  [ter  lent  of  ghcenn  to  thi  mivtun, 
a  |H.rfeith  correct  detennination  conld  he  inaiK  Other  "idistaim-- 
Biich   as   starch,  gluco-e,  and   cant    siigai    liad  a  '■imilar  efleit,  hut 
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nut  to  the  Willie  extent  aa  glycerin.  Mannitol  acts  just  as  weJL 
(«ee  g  22.) 

Tlie  result  of  these  iuvefltigatioiia  in  to  give  a  fairly  Fatisfactury 
nietlioil  of  estimating  viJuiiictrically  the  hone  acid  existing  in  its 
natural  cumpounds  and  various  kinds  of  foo<l. 

An  exeellent  classification  of  the  more  modem  indicatora  as  well  as 
thoMs  pievioHsly  descrilwd  is  given  l>y  1',  Glaser  {Z.  A.  C,  1899, 
273-8),  and  the  sum  of  his  remarks  on  them  is  given  in  J.  C.  S.  I., 
1899,  AM.  708. 

Gbouf  I.  (seogitiTe  to  nlkulie^). 
Tropaeoliii  00. 

Metlijl  and  BthyloraiiKe,  DimethyUiiiido-aOTbeiiMne. 
Coiifio  S«d,  Benzopurpurin,  lodo-eusin,  Cochinenl. 
tacuioid. 

Group  II. 
riuoTescein,  Phenacetoliu. 
Aliziuiu,  Orseille,  Hmoatoxylin,  Oalleiii. 
Litmus. 

g-Nitrophenol,  Gnalacum  tincture. 
Bosolic  Acid. 

Gboi-p  III.  (iieiisitive  to  acids). 
l^liiLeolm  000. 

PheDolphtluileiu,  Turmeric,  Curcuniin  IV.  Flavefciu, 
o-Naphtliol  benzein . 
Poimer's  Blue  CiB. 

'Xbe  above  indicntors  are  all  either  of  ncid  or  ^liue  uattire,  and  tlie  cWsiflcaliou 
in  based  upon  the  strength  of  the  acid  ladicle  contained  in  encli.  Menibere  oF 
Gronp  I.  are  of  strong  acid  nature,  conEequently  they  react  readily  with  ba.'e.« 
fonuiu)!  stable  salts  ;  they  are  not  aensitire  to  weak  acids.  The  acid  chnraeter  of 
the  indicators  in  Group  III.  is  only  weakly  marked,  coneequeiitlv  they  are  but 
slitthtly  sensitive  to  bsies;  their  salts  are  unstable  and  easily  decomposed  by 
acids.  Members  of  Group  II.  are  intermediate  in  character  between  thoee  of 
Groups  I.  and  III.  The  table  is  so  drawn  up  tliat  the  t^nsitivenesQ  of  the 
-  successive  indicators  to  alkalies  decreafes  as  tbe  eemitiveness  to  acids  increases. 

Tlie  knowled^re  of  tbe  position  of  an  indicator  is  of  importance  when  bodies  are 
titialed  n-hose  basic  or  acid  cliarsder  is  not  well  marked,  e.g.,  the  salts  of  tlie 
mineral  acids  witli  alumina,  cHrbonales,  silicates,  etc.  Further,  the  table  enables 
lis  to  determine  to  some  e.itenl  tbe  nature  and  stTen(,'th  of  an  acid  or  base  by 
titraling  it  n  illi  the  help  of  different  indicators,  e.g.,  if  one  ncid  ram  be  readily 
.titrated  with  the  help  of  either  lacmoid  or  litmus,  and  another  only  with  the 
latter,  then  the  two  acids  must  be  of  different  strengths. 

When  titrating  formic  acid,  lacmoid  is  a  fairly  ((ood  indicator,  but  litmus  is 
belter;  ivith  acetic  acid  a  member  of  Group  III.  must  be  used.  Here  we  have 
a  confirmatiou  of  tbe  fact  that  among  homologous  organic  acids  with  the  fame 
number  of  carboxyl  groups,  tlie  acid  cliaracler  diniinisbes  with  increasing 
molecular  weight. 

In  titrating  alkalies  the  nile  holds  good  tliat  au  indicator  only  shows  the  end 
of  a  reaction  sharply  when  tbe  product  oS  the  change  is  neutral,  Tbe  change  of 
colour  is  only  sharj)  when  strong  fixed  ba^es  are  u!ed ;  ammonium  salts  being 
readily  hydrolyeed  by  the  water  present.  "When  veiy  dilute  folutions  of  the 
fixed  bases  are  used,  the  colour  change  is  often  not  sharp ;  this  is  due  more  to 
the  hydrolytic  action  of  the  water  on  the  indicator  than  on  the  salt  formed. 

Uydrotytic  changes  in  presence  of  indicatora  of  Group  III.  are  frequently 
ascribed  to  tlio  influence  of  COg  in  the  air.    The  author  shows  experimentally 
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liat  the  tiwiiiig  at  tbe  culonr  ot  a  weak  alkiliue  wlution  mntainiiig  pheiiolph- 
thalein  if>  due  more  to  tlie  b}'dro1ytic  actidii  of  the  uxter  {iresent  thnu  to 
atmoiipheric  CO;.' 

FKBFABATIOir    OF    THS    NOBMAIi    ACID    ANO 
AliKAUITE    SOIiUTIONB. 

g  15.  It  in  (jiiitv  i>i>sMilile  tu  cany  <itit  tlif  titmtioii  uf  aciilM  ami 
alkalies  with  only  one  staiiilaiil  liijuiil  nf  faeli  kind  :  liiit  It  frM{it«iit]y 
Iia|>]KnH  that  stundaiil  acids  iir  alkalies  an-  rpi|iiired  in  cither  pruw-iwa 
of  titration  licsiileK  men'  satiiraticai,  and  it  U  tliercfori-  adviwahle  ti> 
have  a  variety. 

Ahiivi-  all  t]iiu},'»  it  is  ah8t)Uitfly  ncct'ssary  to  have,  at  leawt,  oim 
Htauitard  acid  and  nlkali  preitared  witji  the  iiioHt  wTUpuloiif  actiiracy 
to  utie  aM  foundations  for  all  ollier:<. 

It  is  jn'cfiTalih;  to  wse  auliihuric  acid  for  thi'  iiovnial  acid  siihitiini, 
inasmuch  as  there  is  no  ilifliculty  in  getting  the  purest  acid  in  coni- 
inerce.  The  nonual  acid  inadi-  with  it  is  totally  unafFenteil  by  l)oiliiig, 
oven  when  of  full  Ntrenf{tli,  wliicli  cannot  Iw  said  of  oither  iiiti-it  or 
hydiiMihloric  acid.  Hydrothloric  acid  is  however  geiiemlly  preferred 
'  by  alk  r       k    s,       "  g  to  Ih  r'  '  j,     1  11  ]         1       tl  1"  I 

aimiia  baswi.     \  t  1        1  I  1  t  t 

S<«1  It  tl        tl       1       1         t-    Iw  I  ref        1  f      tl 

stauda  1    Ik  I    liec  t  'allli]>ai  ]rett 

niay  h     a»  1  if        |  1        1        I        U        1  ac   IkhI  fi  tl 

on.t      Dff  f]  t  t.1  ta.t.tl)t 

auhsta         t    I  1         ta    1     I         |     |        ^  t\         n       m1  t 

used  i      Ik  1       t         d  ac  1       t  M        j  -.at  fi     m     tl    b 

altlioi  i,l  f  tl  1  fi  11  as        t    I 

there  la       m  re  rot    1 1     ta    I     1  tl       ]  U  In)    t< 

Til      1     f   ifli     It        tl        1  1        t^       th  t  w  tl   1 1 

iiidicato    tl     1 1    t  t  1     ca      d         t     I     I    (,  1     t  1 

getrii    fCI)       111      1  rs  tl      pu      II  I  f  tl         1  i.at< 

notwitliata    i    j,  tl       Ikah    la    1  "re  t        es.       fl       1  fh     It    is 

now  8  t  as  1    1     th      se    f        tl    1     ra  g        I  tl       i   mh     1  a. 

not  tl         d     t       t  1      1,  1 1  1 1       li  1  tl  al       i,       1  rf   tij 

accural  Its,    f  th    sat  rat  firxt        1     t   L )     ra]    U    laid    ^ 

the  Uq     I  f  in  t      ft      -a  1      lit  f        1       1 1  tl     )       t 

reached     1  I    j      f        1  >,  1      g      f      1 

whiel  t    Itc     i  I     f  rtl      1     I    i,      Tl  1  1  rel 

test,  h  t        t  fcrat  II  I     t  I    t      I  t      1       t      -s 

the  final  udjustuient  shoidil  lie  luade  h^  adding  lu  the  Ae<.oi»l  trial 
a  moderate  excms  of  the  acid,  then  l>oiling  bi  get  thoroughly  rid  of 
COj,  rapidly  cooling  the  liquid,  and  titrating  hack  with  an  accumte 
standard  alkali.  A  shglit  calculation  will  then  give  the  tigures  fur 
ailjustuient.     If  giTnt  accuracy  is  required  this  iHtiling  umat  not  take 

Ph.  G.,  uid  pofll«lied"r*T.  w'iIbj'iii."^'!!™  New  TcS.  ^'™'  "  ™°''" 

t  The  Butlii.r  nlnsja  uses  the  pondered  isilt  manufiictumd  bir  Howards  uid  Soiu.  Stratfonl. 
London,  whieb  giiot  b  psrfentli'  clear  sjlotion  in  wnter,  nod  shows  no  (mCB  ol  chlorides. 
anlphatao,  or  ad  j  other  Imparity, 
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|>lace  in  gIaH8  flanks,  1)ut  in  vetwels  of  porci-Jaiti,  platinum,  or  ttilvor,  aa 
even  Jena  gloss  is  affected  liy  lioiliiig  alkaline  dilutions. 

An  lias  been  ]ireviou»ly  saiil,  tlieue  two  Mtaiulanls  of  aeirl  ami  alkali 
muat  I*  propareil  with  the  utmost  care,  since  lipoii  tlieir  correct 
jtreparatioii  anil  [ireservatioii  (Icjwmls  the  verification  i)f  other  stamlanl 
sulutions. 

Tlie  beat  luethml  iif  pR'^iaving  siMliirai  carlionate  for  standard iziii;; 
sulphuric  or  hydrocidoric  acid  is  to  half  fill  a  platinum  liasin  with 
pure  sodium  bicarliouatc  in  jjowder  {XallC'j,).  Place  it  in  an  air 
I)ath  already  lieated  to  aliout  200°  C,  au<l  raise  the  temjwrature  to 
2rO  -  80°,  hut  not  more  than  300'  C.  Let  it  reiuaiu  at  this  U^mpera- 
ture  half  an  hour,  tjien  cool  it  in  an  exMiccator,  and  before  it  is  (juite 
cold  transfer  it  to  a  warm,  dry,  sto]ii)en'<l  tuhe  or  Imttle,  out  of  which 
it  may  be  weighed  rai>idly  when  wantt^].  The  carlxiuate  so  i)rixhiced 
will  lie  free  from  lumps  and  eajsily  soluble  in  cold  distilled  water.  To 
standardize  the  diluted  acid  about  2  or  3  grams  of  carliouate  should 
be  quickly  weighed,  dissolved  in  alwut  80  or  100  c.c  of  water,  2  drojis 
of  rapthy]  orange  solution  atlded,  and  the  operation  completeil  by 
ninning  the  acid  of  unknown  strength  from  a  burette  divideil  into 
-^  c.c.  inUi  the  soda  solution  in  small  quantities  until  exact  satumtion 

A  second  trial  should  now  be  made,  liitt  preferably  witli  a  ditferent 
weight  of  the  salt.  The  Maturation  is  carrieil  iiut  jirecisely  afl  at  first. 
The  data  for  ascertaining  the  exact  strength  of  the  acid  siilution  by 
calculation  are  now  in  hand. 

A  strictly  normal  acid  should  at  16°  C  exactly  saturate  wxliuru 
carbonate  in  the  proportion  of  100  c.c.  Ui  5'3  gm. 

Supi>ose  that  2-46  gui.  carlMmaU-  re<piirpd  i\5  c.c.  of  the  acid  in 
the  lirst  experiment,  then 

2-46  :  5-3  1  :  -H6  :  j-  =  89-4  c.c. 

Again  :  2-1-53  gm.  carlionate  recpured  36'32  c.c.  of  acid,  then 
2153  :  5-3  ;  :  3632  :  J--89-4  c.c. 

The  aciil  may  now  be  adjusted  by  measuring  890  c.c.  into  the 
graduated  liter  cylinder,  adding  4  <r.c.  from  the  burette,  or  with 
»  small  pipette,  and  filling  to  the  liter  mark  with  <1iatilled  water. 

Finally,  the  utrcngth  of  the  acid  so  preiiai-ed  must  he  pniveil  by 
taking  a  fresh  quantity  of  sodium  carbonate,  or  by  titration  with 
a  strictly  normal  sodium  carbonate  solution  jirevioiisly  made,  and 
using  not  leas  than  50  c.c.  for  the  titration,  so  as  to  avoid  as  much  as 
IMwsible  the  personal  errore  of  measiirenieiit  in  small  quantities.  Tf 
the  measuring  instruments  all  agree,  and  the  oi»erations  are  all  con- 
ilucted  with  due  care,  a  ilro])  or  two  in  excess  of  either  acid  or  alkali 
in  50  c.c.  should  suffice  to  revei'se  the  colour  of  tlie  indicator. 

The  atloption  of  sodium  carlmnate  as  a  standard  for  pre]taring 
normal  acid  solutions  is  strongly  recommended  in  Liinge's  Report  to 
the  International  Congress  of  Ajiplied  Chemistrv  (ZeiU.  f.  anrjetr. 
Chem.,  1903,  xxiv,  560  also  Anali/st,  .-cxviii.  307/  From  the  acid  so 
standardized  a  cori'csponding  normal  caustic  alkali  may  be  made,  and 
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from  tlint   a   norma]    oxalii;  acul,  and  fnnii  that  a  deciiiormal  \'eV' 
niaiiganate. 

1.     Normal   Sodium   Carbonate. 

53  gill.  Xa»C()j  ]>ei'  liter. 

This  solution  is  mado  !iy  dinsolviiig  crj^stalfi  of  jun'e  MHlimii  car- 
1iuiiati>,  th(.'n  ascertaining  itu  strength  by  a  corretit  noniial  aciil  at  16°, 
and  adjusting  its  volume  mi  tliat  it  ctn'i'esjxindH  exactly  with  the 
normal  acid.  Alwolutely  pure  aiihrilnnitj  sodium  carlionate,  is  difficult 
to  find  in  ccimineree,  and  even  if  otherwise  pure,  is  generally  t(ni- 
taniiiiated  with  iunuhilile  dust  contractixl  in  the  process  of  drying. 

2,     Normal   Fotaasium   Carbonate. 

69  gm.  KjCO,,  per  liter. 

Tliix  solution  is  sometimeji,  tliough  rarely,  ])r(>f(;ral)lb  to  the  soda 
salt,  an<l  is  of  service  for  the  estimation  of  combined  aciils  in  certaiu 
eascfi,  where,  by  boiling  tbe  compound  with  this  agent,  an  ijiterchange 
of  aci<l  and  base  occurs. 

It  cannot  he  prejMred  bj-  direct  weigbing  of  the  [)ota8siuin  carl>onate, , 
anil  is  tlierefori-  l>est  establisbed  by  titrating  a  tioiutirm  of  uidinown 
strength  with  strictly  normal  acid. 

3.     Normal   Sulphuric  Acid. 
49  gm.  HjSn^  per  liter. 

,\l)out  30  c.e.  of  pure  sulphuric  acid  of  sp.  gr.  1-840,  or  thereabouts, 
are  mixeil  with  thive  or  four  times  the  viilume  fif  distilled  water  and 
'alluweil  to  cool,  then  put  into  the  graduated  cylinder  and  diliited  up 
to  alwiit  a  liter  at  the  proper  tem]>eratHre.  The  sidution  may  now  be 
titrated  with  aiKiiiim  earbonate,  an  prei'iously  dewcrilied,  and  accurately 
adjusted. 

In  the  foregoing  directions  for  the  prejiaration  of  ytandan.1  acid  and 
alkali  it  is  evident  tliat  with  tlie  excejAiou  of  control  liy  the  rather 
doubtful  precipitation  of  the  siilphurie  acid  by  Imriuiu,  the  re^poiisi- 
liility  for  an  accurate  acid  solution  is  thrown  u|ion  the  stHliuni 
carlxumte,  and  though  niy  esijerience  lias  been  that  with  ]iroper  can- 
tliia  is  quite  reliable,  it  is  plai)i  tliat  any  other  means  of  getting  at  the 
accurate  strength  of  the  sulplnirii;  aeid  will  Ih^  acceptable.  This  is 
now,  oiving  to  tbe  ela!«>rato  and  careful  experiiiienta  of  Pickering  on 
the  8i>eeifie  gravities  of  various  solutions  of  siilpliuric  acid,  rendered 
quite  iwiwible  (J.  C.  H.  Tram-.,  1890,  64-184). 

It  is  ti-ue  that  the  conditions  under  which  the  working  strength  of 
tlie  acid  is  obtaineil  are  very  stringent,  and  uc^ed  the  utmost  care  in 
jH'rfoTinaiice,  hut  of  the  exti'eme  acuuracy  of  the  result  tb<'re  is  no 
shallow  of  ibnibt. 

We  art!  indebted  to  A.  Marshall,  who  has  made  use  of  Pickering's 
figures  to  calculate  a  formula  and  tables,  which  may  be  used  for  making 
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ii]>  staivlaFil  Hulutiuii^  of  stilpliiiric  aciil  with  great  accuroi^y  anil  uaac. 
I'ickering's  ]>erceiita^s  are  Imacil  tipon  tlie  fnwEiiig  jM>iiits  of  con- 
(.'entratnl  Buliilmric  aciii,  ami  they  arc  accurate  witliin  O'Ol  jier  cent. 
As  practically  no  volumetric  uicthcHl  can  1)C  relied  upon  within  lew 
tliau  O'l  per  cent,  this  leaves  an  ample  margin.  Conflideration  of  tlie 
figures  showa  tliat  thi-  strength  of  the  aciil  can  he  determined  with  the 
necessary  accuracy  with  least  difficulty  when  the  acid  contains  from 
60  to  85  iwr  cent,  of  H^Sf  )^.  Between  these  limits  an  error  of  0-001 
in  the  qtecitic  gravity  or  of  1°  C.  in  the  tenijieratnre  will  introduce  an 
<Tror  of  about  0'14  per  cent,  in  the  amonnt  of  acid,  wliercos  outside 
the  ahove  limits  the  error  introrluced  may  he  many  times  as  great. 

Method  of  PEOCEorKE:  Highly  pure  sulphuric  acid  should  he  t^Ven  find 
diluted  with  water  (preferably  by  adding  the  ocid  to  the  water).  Cool  the 
mixture  to  a  convenient  temperature  and  tlien  determine  its  specific  f;ravity. 
The  tempsrature  must  be  known  within  Ob" C.  and  tbe  HpeciBc  Kravity  within 
00005.  If  a  Sprengel  tube  o(  25  c.c.  capacity  be  used,  the  weighings  must  be 
correct  within  001  gra.  Tlie  percentage  of  HjS04  in  the  acid  ia  then  given  by 
the  formuU 

P  =  »(85B7  +  -05T--00(MC)-69-80 

where  P=per  cent,  ot  HjSO,  in  the  acid 

and  D  ^density  ot  the  acid  at  f  C.  referred  to  water  at  /°  C. 
The  above  formula  may  be  used  for  any  temperaturea  from  0°  to  40"  C.  and 
tor  add  contjuuing  62  to  83  per  cent,  of  HjSO,.    The  pertentagea  given  by  it 
nre  correct  with  ±  ■  I  per  cent. 

The  weight  of  acid  required  for  tbe  preparation  of  the  standard  solution  can 
u)w  bo  calculated. 

Let  A^grams  oC  II38O4  per  liter  in  the  required  solution 

and  H^uumber  ot  liters  required 

and  W  =  weigbt  of  the  acid  which  must  he  weighed  out 

TUe:>  W  =  n  A  X  ?°^ 

'\Veigh  out  W  grams  of  the  acid  and  make  it  up  to  »  liters. 

The  percentages  given  by  tbe  above  empirical  formula  are  quite  accurate 
enough  for  all  oriiiuary  purposes;  tlie  maximum  error  which  could  be  introduced 
by  employing  them  is  about  1  in  l,50i>.  More  accural«  values  may,  however, 
be  oblaiued  from  Tables  I.  and  II. ;  if  great  care  be  exercised,  the  error  in  tlie 
psrcentftge  need  not  then  exceed  1  in  7,000,  The  weights,  on  which  these  tables 
were  based,  were  fully  corrected  for  air  displacement,  The  weiglits  of  acid  and 
w.iter  contained  by  the  piknometer,  or  Sprengel  tube,  must  therefore  be  eimibirly 
csrrected.  Unless  a  very  high  degree  of  accuracy  bs  aimed  at,  this  correction 
may  be  made  by  subtracting  0*001  from  the  uncorrected  specifio  gravity  found. 

The  table  at  1B°  C.  (Table  11.)  is  slightly  more  reliable  than  that  at  16°  C. 
(Table  I.),  as  18°  was  one  of  the  temperatures  at  which  Pickering  actually 
determined  the  densities.* 

*  The  dgnrea  of  thew  tabia  an  oolj  applicable  to  pure  lalphnriD  acid. 
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Table  I. 
For  Aaoertaining  the  Feroentage  Strengtb  of  Sulphuric  Acid 
Solutions  ftom  the  Speoi&o  Gravitiefi  at  16°  C.  (Water  at 
16°  C.-1). 


Bpeciflc 

" 

s. 

*■ 

OnTitr 

"■ 

^" 

'' 

1-60 

68-72 

68-80 

6889 

68-97 

69-Oii 

1-61 

6S-58 

60-66 

69-75 

69-84 

B9-92 

162 

lOiS 

70-52 

70-60 

70-69 

7U-77 

1-63 

7128 

71-37 

71-45 

7154 

71-62 

16i 

72  13 

72-2-' 

7230 

T2-39 

72-47 

1-65 

72-98 

7:i'07 

7315 

73-24 

73-32 

ie« 

73  83 

73.91 

74-00 

74-08 

74-17 

1-67 

74-68 

747«  1  74-85 

74-93 

7502 

168 

75-52 

75-61 

75-60 

7578 

75-86 

1-69 

76-38 

7«-47 

76-55 

7«tt4 

76-72 

170 

77-24 

77-33 

77-41 

77-50 

7759 

171 

78-10 

7819 

78-28 

78-38 

78-43 

172 

78-fl7 

79-Ofl 

79-U 

79-22 

79-31 

1-73 

79-8:1 

79-81 

80  OO 

80-09 

80-18 

1-74 

bO-73 

80-82 

80-91 

8100 

8110 

1-75 

81-81 

8173 

81-83 

81-98 

H2-01 

176 

82-00 

82-70 

8379 

82-8it 

H2-99 

1-77 

83-68 

83-68 

83-77 

83-87 

83-97 

TiBLE   II. 

For  Asoertaiuiug  the  Feroentage  Strength  of  Sulphuric  Acid 
Solutions  from  the  Specific  GraviticB  at  18°  0.  (Water  at 


'  apacifle 

0. 

■■ 

^' 

3. 

*- 

s. 

.. 

'. 

.. 

"., 

1-60 

68-80 

(i8-97 

69-06 

89-15 

09-23 

69-32 

69-40 

69-49 

89-58 

69-66 

1-61 

69-75 

89-83 

69-92 

70-01 

70-09 

70-18 

70-28 

70-35 

70-13 

70-52 

1-62 

70-61 

70-69 

70-78 

70-80 

70-95 

71-03 

71-12 

71-20 

71-29 

71-37 

1-ffJ 

71-4fi 

71-55 

ii-fta 

71-72 

71-80 

71-89 

71-97 

72-0(1 

7*14 

72-28 

1-64 

7231 

72-40 

72-4S 

72-57 

72-85 

72-74 

72-82 

72-91 

72-09 

73-08 

103 

73- IG 

73-25 

73-33 

73-42 

73-50 

73-59 

73-67 

73-76 

73-«4 

73-93 

,     1-86 

74-01 

74-10 

74-18 

71-27 

74-35 

74-44 

74-52 

71-61 

74-89 

74-78 

1-87 

74-86 

74-05 

75-03 

73-12 

75-20 

75-20 

75-37 

75-46 

75-54 

75-63 

1-lW 

7571 

75-80 

75-8S 

75-07 

76-03 

76-14 

76-22 

76-31 

76-40 

76-48 

1-09 

76-57 

75-65 

7674 

76-82 

76-91 

70-09 

77-08 

7T17 

77-25 

77-34 

,     1-70 

77-42 

77-51 

77-59 

77r« 

77-77 

77-85 

77-04 

78-03 

78-11 

78-2.> 

1     l''l 

(H-29 

78-37 

78-46 

7H-55 

78-63 

78-72 

78-81 

78-90 

78-98 

79-07 

1-72 

79-16 

79-24 

7B-33 

79-42 

79-31 

79-59 

70-flH 

79-77 

70-86 

7904 

1    1-73 

80-03 

80-13 

80-21 

8'J-30 

80-39 

80-48 

80-86 

80-75 

PO-84 

1     1-74 

80-93 

81-02 

H1'12 

81-21 

81-30 

81-40 

81-49 

81-58 

81-67 

81-76 

1     175 

81-86 

81-it5 

82-04 

82-1 1 

82-24 

82-84 

83-44 

82-53 

S2-03 

82-72 

1     1-76 

82-82 

82-92 

83-02 

K3-13 

83-23 

83-32 

83-43 

83-52 

8J-62 

83-73 

1-77 

83-82 

81-92 

84-02 

84-12 

H4-22 

84-33 

8i-43 

84-54 

84-65 

84-77 

I'Hing  tlipsu  tiil'les  I  liart>  found  that  a  noniialucid  of  ^reat  accurocy 
uiay  rtadily  lie  jneiiarwl,  and  the  atrong  swhition  may  l»e  ke])t  intact 
in  streiiyt-li  if  placed  in  a  well-stopiitrfd  iMtttle  so  as  to  jirescrvi-  it 
fi-oiu  daniji  air.  The  fact  tliat  the  concentrated  acid  is  weighed,  am) 
not  measured,  is  an  additional  security,  and  the  weigliing  may  take 
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place  witliiii  a  lai^'  range  of  t«ni])eraturea  witliout  any  practical  loss 
of  accuracy, 

A.K  a  check  to  tlie  iiuniial  milutiun  thiut  luaUe.  I  Imvc  tiseil  pun; 
sotUiim  carbonate  prepared  and  weij^hed  witli  the  iitmoat  care,  ami 
titmti-il  by  the  help,  of  iiu-thrl  oraiige,  with  the  most  satisfactory 
remilt!^ 

4.     iroTmal  Oxalic  Acid. 
63  gni.  C^(1^H^2H,0,  or  45  gin.  C^O^H^  p<-r  liter. 

This  solution  cannot  very  well  be  estalill-ihed  by  direct  weighing, 
owing  to  uncertain  hydration  ;  hence  it  must  lie  titrated  l>y  normal 
alkali  of  known  accnracy,  aiirl  phenolphtlialein  as  indicator. 

The  solution  ia  ajit  to  (lei<o»it  some  of  the  acid  at  low  tcinperaturcu, 
Imt  kcups  fairly  well  if  pnwerved  from  direct  sunlight,  and  will  bear 
lieating  without  volatilizing  the  aeiil.  Very  dilute  solution.^'  of  oxalic 
acid  are  iiUHtahle  ;  therefore,  if  a  dccinormal  or  centinoruial  Holutiou 
is  at  any  tiiue  requinil,  it  Hliould  Ih'  made  when  wantiil. 

S.     Normal   Hydrochloric  Acid: 
36-45  gm.  HCI  jht  liter. 

U  has  been  shown  by  K..sfoe  and  Itittiuar  (J.  C.  >.  xii.  VIS, 
I860)  that  a  solution  of  hydrochloric  acid  conttiiuing  20-2  per  cent,  of 
tliu  gas  when  Iwiled  at  almut  760  lu.iii.  presMiire,  loses  acid  and  water 
ill  tiic  sanvf  pr<)|)ortion,  and  the  resiihie  will  therefore  have  tin; 
constant  coiiiixisition  of  20'2  ]>er  cent,,  or  a  sjiecitic  gravity  (if  I'lO. 
About  181  gin.  of  acid  of  this  gravity,  diluted  to  one  liter,  scn'ea  very 
well  to  form  an  appmximate  nciimal  acid. 

The  actual  Mtrength  may  lie  detcrmiucd  by  precipitation  with  silver 
nitrate,  or  by  titration  with  an  exactly  weighed  quantity  of  pure 
Hixliuni  carlxinate,  or  pure  anhydrous  calcium -carlHinate  (Iceland 
S]ar).  Hydrochloric  aciil  is  usi-ful  on  account  of  itH  forming  solubh; 
c<>iii|>oundH  with  the  alkaline  earths,  but  it  has  the  disadvantago  of 
volatilizing  at  a  boiling  heat.  Dittmar  says  that  this  may  Iw 
jirevented  by  adding  a  few  grams  of  sodium  sulphate.  In  many 
cases  this  would  be  inoilinissihle,  for  the  same  reason  that  aiilphnric 
acid  cannot  be  used.  The  hydrochloric  acid  from  which  stauilanl 
fiolntioDS  are  made  must  lie  free  from  chlorine  gas  or  metallic  chlorides, 
and  shonld  leave  no  residue  when  ei'ai>orated  in  a  platinum  vessel. 

G.  T.  iloody  (J.  a  S.  Trans.  1898,  658)  describes  a  method  of 
))re|>aring  an  accurate  staiulanl  neid  which  consists  in  passing  gaseous 
HCI  into  water,  and  weighing  the  amount  ab^orlmd.  This  requiwK 
a  rather  delicate  arrangement  of  apjmratus,  but  is  undoubteiUy  cajnble 
of  great  accnracy  when  projwrly  carried  out. 

6.     Normal   Nitric  Aoid. 

63  gm.  HNU,  per  liter. 


A  rigidly  exact  normal  i 

calcium  carbonate,  as  in  the 
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Tlie  nitric  wiil  hwhI  slioiilil  lie  cuioitrloMs,  fi-ce  f«>in  (.■hloriiif  ami 
iiitroiiB  nciil,  k[).  gi.  al>i)«it  I'.t.  If  <.'(iIoiire<l  from  the  prest-iict;  <>f 
iiitrijus  «!■  liyiwHiitroiia  aciilw,  it  mIiouIiI  In*  inixeil  with  twii  viiluines  of 
watiT,  and  boilcfl  imtii  white.  "Wlien  coliI  it  may  he  ilihiteil  and 
titrateil  as  i>rt'viouMly  ih'sci'iljeil  fi)r  wilphtmc  aciil. 


7.    Normal  Alkaline   Hydroxides. 
Caustic  Soda,  or  Potash. 

40  Rill.  XaHO  or  56  gin.  KH(t  \>er  liter. 

Pure  cauctic  w«ta  made  from  nietaUiu  Hixliuiu  may  nrnv  lie  reniUly 
^ihtaiuetl  in  <;iiiuiii<.'n.'e,  and  hence  it  is  easy  tii  jire|inn'  a  titAniliinl 
wilntion  of  uxeeeilinf;  purity,  hy  simply  tliwolviiij;  the  HiihHtunce  in 
dirttilleil  water  till  of  alwiit  1'05  mil  gr,,  or  alioiit  50  gin.  ti)  the  liter, 
ruuglily  estimating  ite  Htreiigtii  hy  normal  iicid  atid  methyl  orange  or 
litmus,  tht-n  finally  adjusting  thu  exact  .stivngth  liy  titrating  50  e.e. 
irith  normal  ai-id. 

However  pure  caustic  soda  or  jHitaiih  may  citherwise  he,  they  aiv 
h<itli  in  danger  of  alisiirliing  carlionic  acid,  and  hence  in  using  litnni.'* 
or  jjieiiolphthalein  the  titration  must  he  eondncte*!  with  lioiliug. 
Methyl  orangb  itennits  the  use  of  these  atihitions  at  onliiiHry  tcmpera- 
tiiri'  notwitliMtanding  thu  presence  of  COj. 

Siidiiim  and  piitasHiiim  hydroxides  may  l)oth  he  dhtaineil  now  in 
eitnimercc  HiitKciently  pnw  fur  all  (inlinary  titration  pTirposes,  and 
their  soIuIioiih  may  he  (re«I  from  traces  <if  chloriiie,  snlplniiic, 
silicic,  and  earixinic  acids,  hy  shaking  with  Jlillon's  We,  ti'iuien-ur- 
nmmonium  (C.  -V,  xlii.  H),  Carhonic  acid  may  alsi)  l>e  removwl  l>y 
the  cautions  addition  uf  liari\mi  hydrate  in  solution,  shaking  well,  and 
then  after  settling  clear  ascertaining  the  exact  strength  with  coiTi'Ct 
stnnihird  acid. 

Ill  iirc]iaring  the.-«^  aJkuline  stdiitioii'',  the^  should  he  expuseil  tut 
little  ttfl'iiossible  to  the  air,  and  when  the  htiength  is  tinally  suttled, 
shmdd  )>e  pre.served  in  a  liottle  similar  to  that  ujiown  in  hg.  21,  or  in 
full  liottles  having  iheir  glasp  sti)pi>eis  slightly  grea*i'd  with  vaseline. 


6.    Semi-normal  Ammonia. 
R'5  gm.  >'H,,  per  liter. 

Tliis  strength  uf  standartl  ammoniu  ia  iisefid  for  saturation  analyses 
in  some  eases  :  it  is  cleanly,  does  not  readily  alworh  carlsDiic  acid, 
holds  its  strength  well  when  kept  in  a  cool  place  and  well  stopjieii-d, 
hnt  is  liahle  to  develop  flocculent  growtlis ;  it  may,  howei'er,  he 
pi«l»ared  in  a  few  minutes,  hy  sinyily  dilnting  stnmg  li(piid  ammonia 
with  fresli  <listilled  water.  Au  aj>proxiniate  solution  inav  he  made 
with  about  2S  e.c.  of  ■t'ftO  NH^  to  the  liU-r. 

A  iionnal  solution  cannot  he  uwud  witli  safety,  owing  to  evaiKiration 
<if  the  gas  at  ordinary  temperatures. 
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9.    Deoinormal  Barium   Hydroxide. 

This  sohitiiiii  is  ^»nt  umile  from  tlie  crystallized  liyiln>.\ide  aiijimxi- 
iiiately  of  "/,(,  strength.  This  is  done  by  siiaking  up  in  &  stopiwrcd 
iHjttlc  iwwderod  crystals  of  Imriiiiii  hydroxid«  witli  distilled  water,  and 
allowing  it  to  stand  a  ilay  or  two  until  quite  clear ;  there  t^hould  lie  an 
excess  of  the  hydrate,  in  wliidi  case  the  clear  solution,  when  jwured 
<)fl'  into  a  stock  Ixittlo  fitted  with  a  tnlw  to  prevent  the  entrunce  of 
COj  (see  Hh-  -"^)  '*'•"  ^  nearly  twice  the  required  streugtli.  It  is 
hettcr  to  dilute  still  further  (aftef  taking  its  approximate  strength 
with  "Ao  HCl  and  phenol plithalein)  with  fresldy  hoiletl  and  co<iIed 
distilled  water ;  tlie  actual  working  strength  niay  l>e  cheeked  hy 
evaporating  20  or  25  c.e.  to  ilrj'ness  with  a  slight  exeesn  of  siilphuric 
acid,  tlien  igniting  over  a  Bunsen  fiaiue  and  weighing  the  Ita^n^. 
The  corresponding  acid  may  he  either  */io  oxalic,  iiitrie,  or  hydro- 
(.-hlorie,  and  the  ]>roper  indicator  is  plienotjditlialeiu.  Oxalic  acid  is 
reeonnuendnl  hy  I'ettenkofer  for  carhonic  acid  esthuation,  l)eoause 
it  has  no  efieet  iiiion  the  1>arinni  CHrlHniate  stis])en<led  in  weak 
solutions;  hut  theri>  is  the  serious  drawliaek  in  oxalic  acid,  that  in 
dilute  solution  it  is  liable  to  lose  iht  strength  ;  therefore,  if  ^/lo  oxalic 
ucid  is  used  it  should  Iw  freshly  prejared  froui  a  iioruiul  solution. 

Die  l>aryta  solution  is  stdijeet  to  constant  change  hy  a1)Sorjition 
of  earhonic  acid,  hut  this  inay  be  jireventeil  to  a  great  extent  hy 
presert'ing  it  in  the  hottlc  shown  in  iig.  24.  A  thin  layer  of  light 
|)etroleuin  oil  un  the  surface  of  the  liquid  preserves  the  Inryta  at  one 
strength  for  a  hing  i)erio«l  in  the  liottle  shown  in  fig.  25. 

The  reaction  between  boryte  and  yellow  tunueqi;  iiajier  is  very 
delicate,  so  that  the  merest  tiiiee  of  laryta  in  exuess  gives  a  dwided 
brown  tinge  to  the  eilge  of  the  s]iot  made  by  a  glass  rod  on  the 
turmeric  pajier.  If  the  sulistance  to  lie  titrated  ig  not  too  higldy 
colonrefl,  phenoliihthaleiii  sliouM  invarial'Iy  Iw  used. 

10.     Normal  Ammonium- Copper  Solution  for 

Aoetdo  Acid  and  ftee  Acids  and  Bases  in  Earthy  and 

Uetsllic  Solutions. 

Tliis  ftcidimetric  solution  is  prejiared  by  dissolving  pure  eojifwr 
sulpliate  in  wann  water,  and  adding  to  the  clear  solution  litpud 
ammonia,  imtil  the  h]iii8li.gre<ni  precipitate  which  first  ap]>ears  is 
nearly  dissolved  ;  the  solution  is  then  filtered  into  the  graduate<l 
cylinder,  and  titrated  hy  allowing  it  to  flow  from  a  pi|)ette  graduate<I 
in  5  or  t'o  *=-<^-  '"t"  10  or  20  e.e.  of  nonnal  aiilpluirie  or  nitric  acid 
(not  oxalie).  While  the  acid  remaius  in  excess,  the  blnish-green 
precipitate  which  occurs  as  the  dro]>  falhi  into  the  acid  rapidly 
disappears ;  but  so  soon  a.';  the  exact  t>oint  of  saturation  occurs,  the 
lireviously  clear  solution  Ls*  rendered  turbid  by  the  precipitate 
remaining  insoluble  in  the  neutral  liquiil. 

The  process  is  especially  serviceable  for  the  estimation  of  the  free 
acid  existing  in  certain  metallic  solutions,  i.e.,  mother-liquors,  etc., 
where  the  neutral  comiiounils  of  such  metals  liave  an  acid  reaction  on 
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liliinis — siK-li  as  llie  oxiiles  of  due,  copfwr,  and  ma^i'sio,  ami  Uw 
jjrotoxiiles  of  iniii,  manganese,  cobalt,  and  nickel ;  it  is  also  apiiltcablci 
to  acetic  and  tlie  iiiiiieial  acids. 

If  cnpric  nitrat*"  lie  Msed  for  iirejwring  tlii'  aoliition  instead  of 
sldi>liate,  the  pre.scnce  of  barium,  or  strontium,  or  nietalH  precipitable 
by  sidphuric  acid  is  of  no  consequence.  Tlie  solution  is  standardizccl 
by  nonnal  nitric  or  snlplmric  acid  ;  and  as  it  slightly  altera  by 
keeping,  a  coefticinnt  nniHt  he  fonnd  from  time  to  time  by  titrating 
with  uunnal  aeiti,  by  ivhicli  to  c^lcidate  llie  results  systematically. 
( Ixides  or  carboiiatefl  of  ni^nesia,  zinc,  ov  other  ailmissible  metals,  are 
dissolved  in  excess  of  normal  nitric  acid,  and  titrated  reaidually  with 
the  copper  solution. 

Example  :  I  gm.  of  pure  tine  oxide  wm  difooWed  in  £7  c.c.  ot  uonnal  acid, 

and  2'3  c.o.  ot  normal  copper  solntioa  required  to  prodaee  Uie  precipJUto— 24*7 
c.G.  of  acid  :  this  multiplied  by  O'OllG,  tbo  coefQcient  for  zinc  oxide,  =  1  Km. 

BSTIMATION  OF  THE  COBBSCT  BTitEITaTH  OF 
BTAVOABD  SOIiUTIOirS  NOT  STBICTIiY  NOB- 
MAX.    OB    STSTEHATIC. 

g  16.  In  discTissing  the  jirejiaration  of  tlie  foregoing  standard 
solutions,  it  has  bi^>ri  a.sMunjei{  tliat  they  shall  be  strictly  and 
alwolntely  eonw't ;  tlint  is  to  say,  if  tlnl  same  measure  iw  filled 
first  with  any  alkaline  solution,  tlieu  with  an  acid  solution,  and  the 
two  mixeil  K^tlier,  a  perfectly  neutral  solution  shall  result,  so  that 
a  drop  or  two  either  way  will  u])set  the  equilibriiiiu. 

Where  it  is  [Ifissihle  to  weigh  directly  a  pmi'  dry  substance,  this 
aiiproxiuiatioH  may  be  very  cloai'ly  reached.  Sisliuni  carliouate,  for 
instance,  admitij  of  being  thus  accurately  weighed.  ()n  the  otlier 
hand,  the  caustic  alkalies  cannot  be  so  weighed,  hot  can  the  liquid 
acids.  An  appro.tinxate  quantity,  therefore,  of  these  substances  must 
be  taken,  and  the  exact  [xiWer  of  the  solution  found  by  exiierinient. 

In  titrating  snch  solutions  it  ia  exceedingly  ditticult  to  make  them 
so  exact  in  strer^li,  that  tlie  precise  quantity,  to  a  drop  or  two,  sliall 
neutralize  each  other.  In  teclmical  mattots  a  near  api>roximation  may 
he  Huttieieiit,  Imt  in  seientifie  hivestigations  it  is  of  the  greatest 
importance  that  the  ntmwtt  accuracy  shoiUd  be  obtained  :  it  i.i 
therefore  oilvisable  to  as(tertain  the  actual  ilitterence,  and  bo  mark 
it  iipon  the  vemels  in  which  the  solntions  are  kept,  so  that  a  slight 
calculation  will  give  thi'  exact  result. 

Suppose,  for  inutAnee,  that  a  standard  siUpluiric  acid  is  prepared, 
which  does  not  rigidly  agree  with  the  normal  soilium  carbouate  (not 
at  all  an  uncommon  occurrence,  as  it  is  exceedingly  difficult  to  hit  the 
precise  point)  ;  in  order  ti>  tind  out  the  exact  ditference  it  must  l)e 
carefully  titrated  as  in  g  15.  Suppose  the  we^ht  of  sodium  carbouate 
to  be  19  gm.,  it  is  tlien  dissolved  and  titrated  with  the  standard  acid, 
of  which  36'1  c.c.  are  required  to  reach  the  exact  neutral  (loint. 

If  the  acid  were  rigidly  exact  it  should  require.  S5-85  c.c.  ;  in  onler, 
therefore,  to  find  the  factor  necessary  to  bring  the  quantity  of  acid 
nned  in  the  analysis  to  an  equivalent  quantity  of  normal  strength,  tht> 
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number  at  cc.  actually  uee^l  must  be  taken  as  tlie  denonxiuator,  and 
tlie  number  which  should  have  been  used,  had  the  (wid  been  strictly 
ntiniial,  as  the  numerator,  tliua — 

35^85^ 

361 
0'993  ia  therefore  the  factor  by  which  it  is  necessary  to  multiply  the 
niinil>er  of  c.c.  of  that  particuhr  acid  nsed  in  any  analj'sis  in  order  to 
reduce  it  to  normal  strength,  and  Bhonhl  be  marked  upon  the  bottle  in 
whicli  it  is  kept. 

On  the  other  hand,  supjMwt-  that  the  acid  is  too  strong,  and  that 
35-2  c.c.  were  required  instead  of  35"85, 

1-0184  is  thcn'fove  the  factor  by  which  it  is  necessary  to  multiply  the 
number  of  c.c.  of  that  particular  acid  in  order  to  bring  it  to  the  nonnal 
streiii,'tli.  Tbis  plan  is  nnich  better  than  dodging  about  with  additions 
of  water  or  acid. 

Under  all  circumstances  it  is  safer  to  prove  the  strength  of  any 
standard  solution  by  experiment,  even  though  its  constituent  has  been 
accurately  weighed  jii  tlie  dry  and  pure  state. 

Fnrther,  let  us  snpiwsc  that  a  solution  of  caustic  soda  is  to  Iw  iiiaile 
frtini  carl>onate  by  means  of  fresh  lime.  After  pouring  off  the  clear 
liquid,  water  is  added  to  tlie  sediment  to  extract  more  alkaline 
solution  ;  by  this  means  we  may  obtain  two  solutions,  one  of  which  is 
stronger  tlian  necessary,  aiul  the  other  weaker.  Instead  of  mixing 
.  them  in  various  proiwrtions  and  re|ie«tedly  trj'ing  the  strength,  we 
may  find,  by  two  experiments  and  a  calculation,  the  proportions  of 
each  necessary  to  give  a  normal  solution,  thus  :— 

The  exact  actual  strength  of  each  solution  is  first  found,  by  separately 
running  into  10  c.c.  of  normal  acid  as  much  of  each  alkaline  solution 
as  irill  exactly  neutralize  it.  We  have,  then,  in  the  cose  of  thi,' 
stronger  solution,  a  num)>er  of  c.c.  required  less  than  10.  Let  us  call 
tliis  number  V. 

In  the  weaker  solution  the  numlier  of  c.c.  is  greater  than  10, 
rejiresented  by  v.  A  volume  of  the  stronger  solution  =  a:  will  saturate 
10  c.c.  of  normal  acid  as  often  as  ^'  is  contained  in  r. 

A  volume  of  the  weaker  solution  =  y  will,  in  like  manner,  saturate 

=   c.c.  of  normal  acid;    both   together  saturate    ■    ■.— '  +  -- 

and  the  volume  of  the  saturated  acid  is  precisely  that  of  the  two. 


liquids,  thus — 


lOr    ,    lOy 


10ra-+10  V  j  =  V  rj^  +  V  VI 
■      ra:(lO-V)  =  Vy(c-10). 

r  ^  V(v+  10) 
y       r  (10  -  V) 
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\n  oxaiiipU'  will  retultr  tliiw  dv&T.     A  wiliition  of  i-niiMtic  sixlft  vraa 

faikeii,  of  which  58  c.c,  wqk  irquiri'd  tn>  satiitati.-  10  c.c.  of  imriual 

iiciil ;  cf  aiiotlier  solution,  12-7  l'.c.  wore  rwjuirwi.     The  viJuiiu's  of 

I'lieli  necessary  to  form  a  iM)riual  solution  were  fimnd  an  follows  : — 

51*  (1:2-7 -10)  =  15-66. 

12-7  (10    -5-H)  =  53-34 

Therefore,  if  the  aoliitioiis  are  mixed  in  the  |iro]>ortioii  of  15-60  e.c. 
cif  the  stronger  with  53-34  c.c.  of  tlio  weaker,  a  currect  solution  ought 
to  result.  The  Ranie  [irincijile  of  adjnHtiuent  is,  of  ccjui-se,  aiiiJicahle 
to  standard  solutions  of  every  class. 

.:Vgain  :  HU{i]>ose  tliat  a  utandard  solution  of  sulj>lniri(-  acid  lifui  heen 
made,  a|)i)ro.'cimatin^  an  nearly  as  pos-iihlc  to  the  nonual  streii;;tli,  and 
its  exact  value  found  tiy  titration  with  sodinni  carlxmate,  or  a  staiiilnni 
liyilrcwhloi-ic  acid  with  silver  nitrate,  an<l  such  a  solution  has  lieen 
calctdated  to  rwiiure  the  coefficient  0-995  to  convert  it  to  nonnal 
strength, — -hy  the  help  of  this  solution,  tlioiigh  not  sti'ictly  iioiinal,  we 
may  titrate  an  approximately  normal  alkaline  solution  thus;— Two 
trials  of  the  acid  and  alkaline  solution  show  tliat  50  c.c  alkali  =  4S-5 
c.c.  acid,  havuig  a  coefficient  of  0995  =  4S-25  c.c.  normal ;  then, 
acconliuR  to  the  equation,  x  50=  48'2fl  is  the  rcniiired  coefficient  for 
the  alkali. 

^^■^  =  0-965. 

\m\  here,  in  the  case  of  the  alkaline  sohiticni  hein^t  siHlium  cai'lmnate, 
we  can  liring  it  to  exact  nonnal  Ktrength  liy  a  calculation  Itased  on  the 
ei[nivttlent  weight  of  the  salt,  thus — 

1   1  0-965  :  :  53  :  51145. 

The  difference  hetween  the  tw.>  latter  numbers  i«  1-855  gin.,  and  this 
weight  of  pure  sodium  carl)onate,  added  to  one  liter  of  the  solution, 
will  hring  it  to  normal  strength. 
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TABLE    FOB    THE    8TSTEHATXC    AHAI.TSIS    OF 
ALKALIES,   ALKALINE   EABTH8   AND  ACIDS. 


Sodium  Oxide  .  .  . 
Sodium  Hj'droxide  . 
•Sodium  Carbonate  . 
Sodium  Bicarbonate . 

Potassium  Oxide  .     . 

PotoHiium  Hydroxide 
Potassium  Carbonate 
Potassium  Bicarbonate  . 


NajO 
NaHO 
Na,CO, 
NaHCO, 

K,0 
KHO 
KjCOs 
KUCOj 


0-047 
0'0G6 
0C69 


Lime  (Calcium  Oxide)  . 
Calcium  Hydroxide  . 
Calcium  Carbonate  . 

Barium  Hydroxide   . 
Do.  (CryataU)   .     . 
Barium  Carbonate 


CaO 
CoHjO, 
CaCOa' 

BaHjOj 

BaOjHifHjO)^ 

BaCOi 


37  gm. 


6^175  gm. 
7*375  gm. 


■W      ■        2-00  gm. 


Nitric  Acid .  .  . 
Hydrochloric  Acid 
Sulphuric  Acid 

Oxalic  Acid      .  . 

Acetic  Acid      .  . 

Tartaric  Acid   .  . 

Citric  Acid  .    .  . 

Carbonic  Acid  .  . 


HNO,        I    63 
HCl  I     36-3; 

HjSO,         I     98 
CAH,(H.O),  I  120 

'  c,o,H,      I  ao 

C.OgHs        I  150 
COjHs+HiO  I  210 

COj  44 


6-3  gm. 
3-637  gm. 

6-3  gm. 


*  Ttu3  a  tbe  coflfficifiut  by  which  t\ 
Aualj^  is  to  be  multiplied,  in  arder  to 


le  riffht  to  rire  tba  necwsary  weight  tor  eumiiutiiHi ;  thus  Bodlnn 
S  gin. ,  woiJabe  53  Krains,  the  normal  factor  in  this  oiM  Bould  alio 


le«imal  point 


Bodlnni  CM-bonate,  inatoad  of 
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THE    TITBATIOir    OF    AIiEAUNE    SALTS. 
Total  Alkali  in   Caustio  Soda  or  Potash,  or  their 


§  17.  Tub  iieiicijsary  ijuaiitity  uf  8uli9tai)ce  )>eing  weiglied  tir 
iiieasiii'u<I,  as  tiiu  case  may  )«,  and  inixeil  with  ilistilled  water  tii 
a  jiropcr  state  of  dilution  (auy  aliotit  one  ]X!r  uciit.  of  soliil  material), 
ail  appropriate  indicator  is  added,  and  tlie  tioliitioii  is  nvkily  for  the 
Inu'ette.  ^Normal  acid  ia  then  cautioiiHly  added  till  the  cliaiige  »f 
(.■olimr  ouuur.  In  the  case  of  winstif  alkaliea  free  from  CO.^  the  end- 
reaction  is  \tiry  Mharp  with  any  of  the  indicators;  !mt  if  COj  is 
jirc^nt,  the  only  available  indicators  in  tlie  cold  are-  methyl  omii<^> 
or  laeinoid  jiaper.  If  the  other  iiidicatorK  are  uHeil,  the  CO^  must  lie 
hdileil  oil'  after  each  achUtioti  of  acid. 

Ill  cxuiuining  carlKHiates  uf  potash  or  soda,  or  mixtures  of  caustic 
and  carhoiiate,  where  it  is  niily  ue^.■e^^^ary  to  aseertaiii  the  t-olal 
alkalinity,  the  name  method  a]>]>lies. 

In  the  examinations  of  ttamjiles  of  (commercial  refined  soda  or  pitnsh 
Raits,  it  is  advisal)le  to  proceed  as  follows  : — 

Powder  And  mix  the  sample  tbarou;;hV^  weigh  10  giii.  in  'a  phliiiiiia  or 
poreeluin  crucible,  nod  igoito  geutly  over  a  spirit  or  giis  laiiip,  and  allun'  the 
oriicible  to  cool  under  tlie  exsiccator.  Weigh  again,  the  Iom  oI  weight  gives  the 
nioistLirc;  wash  the  contents  o!  the  crucible  into  a  beaker,  dtswlve  and  filler  it 
neiii;a'«iry,  and  dilute  to  the  e.xact  measure  of  5X)  c.o.  with  dialilled  water ;  afler 
mixing  it  thoroughly  Uke  out  50  c.c.  =  1  ^m.  oC  alkali  with  a  pipette,  aud  empty  ' 
it  into  a  small  lliuk,  bring  the  Biuk  under  a  buretle  rontaiuing  nonnal  acid  and 
grddnated  to  I  or  ^^  c.c,  allow  the  acid  to  flow  ciiutiou^fly  aa  before  directed, 
until  the  neutral  poiut  if  reached :  the  proce^ii  may  tlieu  "be  repeated,  in  order 
t«  be  certain  of  the  correctue^  of  the  analj'sis. 

Bbhidval  TiTBATiON :  As  the  preseuoe  of  carbouic  acid  nith  litmus  and  the 
other  iniUciitoni,  except  methyl  orange,  always  tends  to  coiilmie  the  exact  end  of 
tbe  process,  the  ditticulty  is  b?st  overcome,  in  the  case  of  not  using  methyl 
orange,  by  allowing  an  excess  of  acid  to  fiow  into  the  alkali,  boiling  to  expel  the 
CO],  cool,  and  then  cautiously  add  nonnal  caustic  alkali,  drop  by  drop,  until  tbe 
liquid  suddenly  cbanjies  colour;  by  deducting  the  quantity  of  caustic  alkali 
from  the  quantity  of  acid  originally  used,  the  exact  volume  oF  aiHd  necessary  to 
saturate  the  I  gra.  of  alkali  is  appertained. 

This  method  of  re-titi«tiou  gives  a  very  sharp  eiid-reaclion,  as  theit! 
is  no  COj  present  to  interfere  with 'tlie  delicacy  of  the  indicator.  It 
is  a  procedure  sometimes  necessary  iu  other  cases,  ovniig  to  the  inter- 
ference of  impiuitioi)  dissitiatcd  by  IwiliuR,  e.ij.  K^S,  wliicli  would 
othenvise  bleach  the  indicator,  except  in  the  case  of  methyl  orange 
and  laumoid  {taper,  either  of  which  are  indifiereut  to  H^S  in  the  cold. 
An  cxamiil)^  will  make  the  jilan  dear  : 

ESAHPLE :  no  C.C.  at  the  solution  of  alkali  -prepared  as  directed,  equid  to  1  icia. 
of  the  sample,  is  put  int«  a  flask,  and  20  c.c.  of  nornini  acid  added  ;  it  is- then 
boiled  and  shaken  till  all  CO]  is  expelled,  and  normal  caustic  alkali  added  till 
the  neutral  point  is  reached ;  the  quantity  required  is  3'4  c.c,  which  deducted 
from  30  c.c.  of  acid  leaves  ltl-6  c.c.  The  foliomnK  calcubtion,  therefore,  gives 
tha  pcrcsntnge  of  real  alkali,  supposing  it  to  be  soda : — 31  is  the  half  molecular 
weii<ht  of  anhydrous  soda  (Na^O)  and  1  cc,  of  the  acid  is  equal  to  0*031  gm., 
therefore  16-6  c.c.  is  multiplied  by  0-031,  which  gives  0-al46;  and  as  1  ffm- ""a? 
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tokeo,  the  deoiuul  peint  ig  moved  two  pbtoee  to  the  right,  whxb  ghes  61'48  p«r 
cent,  of  real  alkali ;  iF  calculated  as  orbanate,  the  16'6  would  be  multiplied  by 
Ot)53,  which  gives  0-8798  gm.  =87-98  per  Mnf . 

The  folluwiiig  luethuds  of  ascertaiiiii^  the  |iro}HiTtion8  of  luixed 
olkulitic,  hydroxitles,  monooarbonates,  and  hicarbonates  must  not  ha 
taken  at  absolutely  irorrect,  but  are  correct  enough  for  tecliiiical 
puqwaea : — 

'     2.    Mixed  Caiutio  aad  Carbonated  Alkaline  Salts. 

Tim  alkaline  salts  of  commerce  consist  often  of  a  mixture  of  tanstic 
aiiil  carbotiated  alkali,  if  it  )m  diisired  to  ascertain  the  pro|>ort;ioti  in 
wliiuh  these  mixtures  oceiir,  the  total  alkaline  power  of  a  weijjhed  or 
measured  quantity  of  diiWtaiice  (not  excueding  1  or  2  gm.)  is  ascer- 
taineil  by  normal  aci<l  aTid  noteil ;  a  like  quantity  is  then  dU-iolved  in 
about  150  c.c.  of  water  in  a  200  c.c.  flask,  and  exactly  enough  solution 
i>f  Imriuin  uliloritlc  aildcd  to  remove  all  CO^  from  the  alkali. 

Watson  Smith  lias-shown  (J.  S.  C.  I.  i.  85)  that  whenever  an 
excew  of  barium  chloride  is  used  in  this  preciiiiUtiou  so  us  to  form 
Itarium  hydrate,  there  is  an  invariable  loss  of  siwla  :  exact  pn'cipitijtion 
in  the  only  way  to  secure  aecuracy. 

The  flask  ia  now  filled  op  to  the  200  c.c.  mark  with  distilled  water,  securely 
stoppared,  and  put  aside  to  rattle.  Wheu  the  supernatant  liquid  is  clear,  take 
out  60  c.c.  with  a  pipette,  and  titrate  with  norimil  hydrochloric  acid  to  the 
iieiitral  point^  The  number  ot-  c.c.  multiplied  by  4  will  be  the  quantity  of  acid 
required  for  the  caustic  alkali  in  the  original  wei^fht  of  substauce.  because  only 
one-fourth  trm  taken  for  analysis.  The  difference  is  calculated  as  carbonate,  or 
the  precipitaUd  barium  carbonate  may  be  thrown  upon  a  dry  Rlter.  washed  well 
and  quickly  with  builii^;  water,  and  titrated  with  normal  acid,  instead  of  the 
original  analysis  for  the  total  alkalinity  ;  or  both  plans  may.beadoptfidasaclieck 
upon  each  other. 

The  principle  of  this  method  is,  that  when  barium  chloride  is  added  to 
a  mixture  of  caustic  and  carbonated  alkali,  the  COj  of  the  latter  is  precipitated 
as  an  equivalent  of  barium  carbonate,  while  tlie  equivalent  proportion  of  ciuitic 
alkali  remains  in  solution  as  barium  hydroxide.  B?  multiplying  the  number  of 
c.c.  of  acid  required  to  saturate  this  free  alkali  with  the  rihs  atomic  weight  of 
rustic  potash  or  soda,  according  to  the  alkali  present,  (he  quantity  of  substance 
originally  present  in  this  state  will  be  ascertained. 

As  barium  hydroxide  solution  absorbs  (JO^  very  readily  when 
exposed  to  tile  atmosphere,  it  is'  preferable  to  allow  tlie  jireeipitate  of 
bariuiu  carlioiiate  to  settle  in  the  flask  as  here  descril)e<l,  rather  than 
to  filter  the  solution,  especially  ali^o  a^  the  liltcr  obstiTiately -retains 
some  barium  hydroxide. 

A  very  sliglit  error,  however,  occura  in  tliis  method,  in  consequence 
of  the  volume  of  the  precipitate  being  included  in  the  liquid  in  the 
graditatod  flask. 

North  and  Lae  {J.  H.  C.  I.  xxi.  'i'll)  have  carried  out  a  number 
of  experiments  on  the  titration  of  soda  ash  containing  liydroxide, 
uionocarbonate,  and  Idcarlwnate,  and  have  proved  tliat  good  results 
as  to  the  estimation  of  the  three  constituents  may  be  obtained.  Tlie 
essential  thing  in  the  titration  is  tliat  the  burette  point  must  be  in  the 
solution. 
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orai)({e  aud  rontinue  the  titration.  Should  the  amount  of  ^/i  ncid  be  (freater 
witli  phenolphthslein  than  nitli  methyl  orange,  NaOH  is  ^howii  to  be  preseut, 
but  if  (greater  nlth  inethj'l  oraD^e,  then  biairboiiBl«  is  present,  and  calciilatioiu  for 
c»rl)oimte  and  liydcnte,  or  carbonate  and  bicarbonate,  are  made  in  the  usual  way. 

The  end  point  of  the  reaction  with  phenolphthalein  maj'  be  determined  very 
exactly,  when  Uie  colour  is  scarcely  visible  in  the  dish,  by  pourinj;  a  small 
quantity  of  the  liquid,  betireen  each  addition  of  acid,  into  a  t«st  tube,  and 
comparin|c  this,  by  looking  through  the  depth  of  Ihe  solution,  nith  a  slnlilar 
tube  of  liquid,  in  which  the  colour  is  known  to  be  absent. 

If  sodium  chloride  ie  pretient  in  the  compound  when  titrated  by  sulphuric  acid 
it  would  be  reckoned  as  NajO,  but  as  soda  ash  seldom  contains  more  than  a  trace 
of  sail,  this  slijcht  error  is  netJiliKable. 

3,    Eatdiiiatlon  of  Sodiam  or  Potassium  Hydroxides 
oontaining  amatl  proportions  of  Carbonate. 

Tliis  niav  Iw   accompli.'ilieit   In-   means   of    plienatetulin  (Lunge, 

J.  .i.  a  I.  i.  56). 

Tlie  alkaline  ralution  is  coloured  a  scarcely  perceptible  3-elloir  with  a  few 
drops  of  the  indicator.  The  standard  acid  is  then  run  in  until  tlie  yelloir  (fives 
place  to  a  pale  nxfe  tint ;  at  this  point  all  the  caustic  alkali  is  satunted.  and  the 
volume  of  acid  used  is  noted.  Further  addition  of  acid  uoiv  intensiftes  this  red 
colour  until  the  carbonatu  ia  decomposed,  when  a  clear  )£olden  yellow  result^. 
The  neutmlizatiou  of  the  NallO  or  the  KHO  ia  indicated  by  a  rose  tint 
penuanenl  on  standing ;  that  of  Na^COj  or  K.CO,  by  the  sudden  pasHii^e 
from  red  to  yellow. 

VratitKO  in  reqiiiruit  with  ^olutiuns  uf  known  cuiu[)ositioii  tu  accuHtoni 
tlie  eye  tu  the  changes  of  toloiir.  Plieuolplitlialein  nmy  also  he 
eiiijiloyci!  for  tlie  same  iniriKisw  as  fiiUoivs  :  — 

Add  normal  acid  to  tlia  cold  alkaline  solutiuu  till  the  red  colour  is  discharged, 
taking;  care  to  use  a  very  dilute  solution,  and  keeping;  the  point  of  the  burette  in 
the  liquid  so  that  no  COj  escapee.  The  period  at  which  the  colour  is  discharged 
occurs  when  all  the  hydrate  is  neutralized  and  the  carbonate  converted  into 
bicarbonate ;  the  volume  of  acid  is  noted,  and  the  solution  heated  to  boiUnjc. 
with  small  additions  of  acid,  till  the  red  colour  produced  by  the  decomposition  of 
the  bicarbonate  is  finally  destroyed. 

In  hotli  these  iiiet]i<Kls  it  is  jireferahle,  after  the  first  stage,  to  ailil 
excess  of  (itiil,  ]>oil  off  the  CI  1^,  mill  titmte  hack  with  nonual  alkali. 
Tlie  re.'tnlts  are  quite  na  aceiirate  as  the  method  of  precipitation  with 
harinni. 

4.    Estimation  of  small  quantities  of  Sodiam 
or  Potassium  Hydroxides  in  presenoa  of  Carbonates. 

^V  method,  hy  TlioiuKoii,  coiwists  in  pivcipitating  the  carhonates  hy 
neutral  solution  of  liariuiu  ehloriile  in  the  eolil :  the  tmrium  earhonate 
heiiig  neutral  to  phenol phtlmlein,  this  indieatiir  can  be  useil  for  tlie 
proeess.     \\'lieii  the  hariuin  sohitioii  is  aildeil,  a  double  deconijxisitit'n 
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occurs,  resulting  in  au  equivalent  qtiautity  of  Koilium  ur  potassium 
cliloride,  while  the  iMtrliun  carbonate  is  precipitotei),  and  the  alkaline 
liydrate  remains  in  solution. 


Example  (Thomson):  2  y:m.  of  pure  sodium  cirbaiiat«  tvere  mixed  in 
Kilution  with  IM  ffra,  of  sodium  hydrowde ;  excess  ot  barium  chloride  vms  then 
added,  legether  irith  the  iDditstOr,  and  the  solution  titrated  with  '^/lo  icid,  of 
whiuh  in  three  liiais  an  aremj^e  ot  5  c.c.  was  required ;  therefore,  5  *  'OW 
^■02  una,  ewictij-  the  quantity  used. 

In  tins  proees.*!  the  presence  of  chlomlen,  stilphates,  and  sulphite;' 
does  nut  interfui'e  ;  neither  do  phospliates,  as  barium  phospliate  is 
neutral  to  the  indicator.  With  sulphides,  lialf  of  tlie  liase  ivill  Ih; 
estimated ;  but  if  hydrogeu  i)eroxide  Iw  added,  and  the  mixture 
allowed  to  rest  for  a  time,  the  sulphides  are  oxidized  to  sidpliates, 
wliicli.  have  no  effect.  If  silicates  or  ahuiuttaCes  of  alkali  are  present, 
the  l)ase  will  of  course  he  recorded  as  hydroxide. 

Thomson  further  states  i— 

"  The  foregoing  method  can  also  be  applied  to  tlic  deti^rminBtioii  of 
the  hydrates  of  sodium  or  jiotassium  in  various  otlier  eompoiuids, 
which  give  precipitates  with  barium  chloriile  neutral  to  phenolph- 
thalem,  such  an  the  normal  sulphites  and  pliospliatea  of  the  alkali 
metals.  An  illustration  of  the  use  to  which  the  facts  have  been 
stated  in  this  and  former  lajwrs  may  be  put  will  !«  found  in  the 
analysis  of  sodium  sulphite.  Of  course  sulphate,  thiosidpliate,  and 
ehloride  are  detenuined  as  usual,  but  to  estimate  sulphite,  carbonate 
and  hyilrate,  or  sodium  hicarbonate  hy  luethoils  in  ordinary  use  is 
rather  a  tedious  oj>eratioii.  To  find  the  proportion  of  h3-droxide,  all 
that  is  neees.sary  is  t«  precijiitate  witli  Inriuiu  cldoriile  and  titraU.- 
with  standard  aciil,  as  above  deseriiteil.  Then,  by  simple  titration  of 
another  jiortiou  of  the  sample  in  the  cold,  using  phenolphtlialein  as 
indicator,  the  hydroxide  and  Iiftlf  of  Che  carbonate  can  be -found,  and 
finally,  by  employment  of  methyl  orange  as  indicator,  anil  furthei' 
addition  of  aeiil,  the  other  half  of  the  carbonate  and  Italf  of  the 
sidphite  can  lie  estiiuateil.  By  simple  calculations,  the  resjiective 
[irojHjrtions  of  these  thre«  com]>ouiKlfi  can  be  obtained,  a  result  which 
can  l>e  accoiuplislied  in  a  few  minutes.  It  must  be  h'jriie  in  mind 
that  if  a  large  <{uantity  of  sodiuui  carlwnate  is  in  the  sample  the 
projiortion  of  that  com]>nund  found  will  only  lie  an  approximation 
to  the  tnith,  as  the  eiid-i'eaction  is  only  delicate  \vith  small  proi»rtioiis 
of  sodium  carix)nnte. 

5.    SBtimation  of  Alkalies  in  Uls  prsseuca  of  Sulphites. 

It  is  iwt  possible  to  estimate  the  alkaline  comitounds  in  the  presence 
of  sul|)hites  by  titration  with  aeids,  us  a  certain  quantity  of  acid  is 
taken  ui>  hy  the  sulphite,  S(  >j  being  evolved.  Tliis  dillicidty  may  be 
completely  overcome  by  the  aid  of  hydrogeu  pen)xide,  which  Bi>eeilily 
converts  the  sulphites  into  sulphates  ((.rrant  and  Cohen,  J.  i'.  C.  I. 
ix.  19).  Tliese  o|)eratorN  jiroved  that  neither  caiistic  or  carbonattt 
alkali  wore  afFeetud  by  II^U^,  nor  had  the  latter  any  prejudicial 
efl'eet  on  methyl  orange  in  the  coM.     The  quantity  of  Hj"^  requireil 
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1  the  omoxint  of  Bulplute  present ; 

omnierce  contaio  about  60°/^  nf 
aiilpbite,  and  it  siiflices  to  take  10  c.e.  i>f  ordinary  10  vol.  Hj*.)^  for 
every  O'l  gm.  of  the  salta  in  sohitioii.  In  the  case-  of  mixturi's 
uoutaiiiiii^  letw  or  more  dutpliite  the  qnantity  may  \>i:  varied. 

!tlKTHOD  OF  Pbocedvbe  :  A  messTiTeil  volume  of  the  peroiide  if  rtm  into 
a  beaker,  and  three  or  four  drops  of  methyl  oraune  aUdd.  A*  the  HjO;  i» 
iuvarinbly  faintly  acid,  the  acidity  ia  carefully  correcfed  by  addill;;  drop  hy 
drop  from  a  pipette  "/ipo  caustic  soda.  The  required  quantity  o(  salt  to  Ire 
aoalyxed  ia  then  added  in  solution,  and  the  mixture  (gently  boiled,  during  the 
boiling  the  methyl  oran;^  will  be  bleached.  The  liquid  is  then  cooled,  a  drop 
or  two  more  of  methyl  ormee  added,  and  the  titration  tor  the  proportion  of 
alkali  carried  out  ivitli  normal  acid.      The  results  are  ven-  satistaotorv. 


This  process  wa-<  devisud  liy  Kichter,  or  rather  the  inverse  of  it, 
for  estimating  biehrumate  with  caustic  alkali  hy  tlie  aid  of  ])Jienolijh- 
thalein.  Exact  reaitlt!*  may  l>c  obtained  by  it  in  titrating  soda  or 
potash  a.s  hydrates,  bnt  not  ammonia  as  recommendeil  by  Ricbter. 

For  the  process  there  are  required  a  deeiuormal  aolutimi  of  bichromate 
(;ant3,iniiiK  1474  k"^.  p..'r  liter,  and  "/lo  <v'l>  ■>■*  potisk  solution  titrated  a;{ainst 
sulphuric  acid.  A  i!^)ni;iarisiin  liquid  coutniuiii^  ab;>ut  1  (cin.  of  pul.t'«iium 
ehromate  in  15'J— aOO  c.e.  w.iler  if  .Tivisihle  fw  ascerlaiiiing  th"  exui't  end  of 
the  reaction ;  SU  c.c.  of  llio  alkali  beiiiK  diluted  irith  the  aame  volume  of  water, 
ia  csloured  witji  phenolphthnleiii,  and  tlie  bichruniate  run  in  from  a  burette ;  the 
Gne  red  tint  i-luuiKeu  ti>  reddish  yellon'.  which  reiuiius  till  the  neutral  point  is 
nearly  reaulied,  when  the  yellow  colour  of  the  ehroninte  is  produced ;  the  cliaiiiie 
is  not  instantaneous  a^  with  niineml  acids,  so  that  a  little  time  must  be  nllowed 
for  the  true  colour  to  declare  itself, 

7. '  Mixed  Sodium  and  Potassium  Hrdrozides. 

This  luetiiod  depends  njton  the  fiii^t,  that  potassium  hitartrate  i.s 
aliuost  insoluble  in  a  sidtitioii  of  so<liuui  hitartratt. 

Add  to  the  solution  containing  the  mixed  salts  a  standard  solution  of  tartntic 
acid  till  neutral  or  faintly  acid — this  produces  neutral  tartrate  of  the  alkalies — 
now  add  tlie  lianie  volume  of  stanitard  tartaric  acid  as  before  they  are  now  acid 
tartrates,  and  the  poLTssium  bitartrate  scjiatates  almost  completely,  filter  olT  the 
sodium bitart rate  and  titrate  the  filtrate  with  normal  caustic  soda;  the  iinantity 
required  equals  the  soda  originally  In  the  mixture— the  qnantitv  of  tartaric  aeid 
required  to  form  bilartrate  with  the  soda  subtracted  from  tlie  total  quantity 
added  to  the  mixture  of  the  two  alkalies,  gives  the  quantity  reijuired  to  form 
potassium  bitArtrate,  and  thus  the  quantity  of  potash  is  found.  - 

Tills  process  is  nidy  applicable  for  technical  purposes. 

Mixtures  of  potash  and  soda  in  the  form  of  neutral  chlorides  are  estimated  bv 
J.  T.  White  as  follows  (C.  X.  Ivii.  214) :— 20  c.c.  of  the  solution  oontaiiiing 
about  0'2  itm,  of  the  mixed  salts  arc  planed  intn  a  100  p,c,  flask,  and  6  c.c.  of  a  hot 
satuntled  solution  of  ammonium  carbonate  added  ;  the  mixture  in  cooled,  and 
alcohol  added  in  small  quantities,  with  shaking,  tmtit  the  measure  is  made  tip  to 
lOO  c.c.  After  three  or  four  hours,  10  c.c  of  the  clear  liquid  are  removed  with 
a  pipette,  evaporated  and  ignited,  the  residue  is  moistened  with  a  few  drops  of 
ammonium  chloride  solution  and  af^aiu  ignited  ;  the  sodium  chloride  so  obtained 
is  then  titrated  with  standard  silver  solutioii,  1  c.c.  of  which  represents  0001  gm. 
CI ;  tiiis  is  calculated  to  NaCI  and  the  KCl  found  by  difference. 
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8.    Potassltuu  Salts  as  Platinia-ohloridd. 

In  eaaea  where  potaeaium  exists  111  combination  as  a  neutral  aalt,  suc-Ii 
OH  kainit  or  kieserit,  etc.,  or  as  a  constituent  of  minerals,  it  lias  to  be 
first  separated  as  double  cliloriile  of  potassium  and  platinum.  Tlie 
metlioil  usually  adopted  is  that  of  collecting  the  double  salt  upon 
a  tared  filter,  when  the  wui^it  of  the  dry  double  salt  is  obtaiiked,  the 
weight  of  jtotaali  ia  ascertained  by  calculation. 

It  may,  liowever,  lie  arriveil  at  by  volumetric  means  as  follows : — 

The  poUs^uiu  salt  tuving  beeii  couverted  iuto  double  chloride  in  the  usual 
way  is  dried,  collected,  and  mixed  irlth  about  double  its  weijjbl  of  pure  sodium 
oxHlate,  and  Keutly  smelted  iu  a  platinum  crucible ;  this  operatiou  results  in  the 
production  of  metallic  pUtinum,  chlorides  of  sodium  and  potassium,  ivith  some 
sodium  carbonate,  Tbe  qumitity  of  potaisium  salt  preseut  is,  honever,  solely 
measured  by  the  chlorine ;  in  uider  to  arrive  at  thiii,  tbe  fu-sed  mass  is  lixivial«l 
with  Hater,  Sltercd,  nearly  neutralized  uitk  acetic  acid,aud  the  chlorine  estimated 
with  ^lio  silver  and  chromate,  Uie  number  of  e.c  of  silver  rr<juired  is  multiplied 
by  the  factor  0-00157.  which  ffive^  at  once  tbe  weight  of  KjO.  This  factor  is 
used  becatiae  1  molecule  of  double  chloride  contains  3  ntoms  chlorine,  hence  the 
quantity  of  ^/lo  silver  used  is  three  times  as  much  ta  in  tlie  case  of  sodium  or 
potnseium  chloride. 

L.  de  Koninok  {Ciem.  Z*it.  rix.  301)  has  improved  this  proceiis  materially 
by  the  use  of  formic  acid  as  a  reducing  agent.  The  chloloplatinnte  is  filtered  ' 
and  washed  in  the  usual  way,  dissolved  in  boiling  water  and  decomposed  by 
calcium  formate  free  from  CI.  The  liquid  is  heated  until  the  platinum  is  fully 
^paiated  and  the  solution  colourlesa ;  it  is  neutralised  with  a  small  quantity  of 
(lure  calcium  carbonate,  filtered,  washed,  and  the  chlorine  determined  by  titration 
with  •'/lo  silver  solution  and  chromate. 

9.    Direct  Estimatioii  of  Sodium  by  Potassiuiii 
dihydroxytortrate  and  Fennaiigaiiate. 

An  interesting  series  of  researches  on  the  o.\tdation  jiroiluct's  of 
tartaric  acid  have  Iwen  ptiblinhed  bv  H.  .T.  Horstman  Fenton,  3I..V. 
{J.  a  S.-Ti-atuf.,  1894,  pp.  B99  -910,  1R9M,  pp.  71— SI,  ibid,  472  - 
482,  and  o»  the  voliuuetriu  estimation  of  sodium  1898, -pp.  167 — 174). 
The  residts  of  these  re.searcheM  have  been  to  duvclup  the  uidy  method 
of  obtaining  solium  in  such  a  form  of  condnnatioii  as  to  8<lmit  of  its 
voluraetrie  estimatifin.  The  author  has  kindly  furnished  me  with 
sjwcimens  of  dihydroxytartiiric  aciil,  and  also  the  ^jotassium  salt  witli 
which  to  verify  the  results  obtained  by  hiin,  and  I  am  able  to  state 
tliat  when  the  method  is  carried  out  with  extreme  (»re  an<l  strict  - 
attention  to  details,  it  is  cajrabte  of  giving  satis&ctory  results. 

Dihydroxytartaric  acid,  so  fai'  as  present  knowledge  ia  concenieil,  Is 
\)eat  ])repared  from  dihydroxymaleic  acid,  and  aa  botli  these  adds  art! 
comparatively  unknown,  their  prejwration  will  now  lie  deacriWh 

Preparation  of  Dihydroxymaleic  Acid.— Tartaric  acid  is  dissolved 
in  the  least  pomible  quantity  of  hot  water ;  finely-divided  iron  (ferrum  rerfarfam) 
is  added,  and  the  liquid  boiled  until  all  the  iron  has  disappeared.  The  qiukntity 
of  iron  must  be  insufUcient  to  cause  a  separation  of  ferrous  tArtrate  when  the 
action  is  finished ;  about  ,Jt,  part  of  the  weight  of  tartaric  acid  employed  answers 
irell,  but  the  final  result  does  not  appear  Ui  he  much  influenced  by  the  proportion 
of  iron  in  solution,  at  any  rate,  within  considerable  limits.  The  solntion,  filtered, 
if  necessary,  through  cotteu  wool,  is  carefully  cooled,  surrounded  by  ice,  and 
hydrof^en  peroiide  (20  volume)  added  in  small  quantities  at  a  time,  allowing 
a  few  minutes  to  elapse  between  each  addition.    The  first  portJons  of  the  peroxide 
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mprely  produce  a  yellowish  colour,  but,  as  the  nction  proceeds,  each  udditi^ 
produces  a  dark  f^reen  or  nearly  black  appeaniuce.  transient  at  fii^t,  but  becomiux 
more  aud  more  pereistent.  When  this  dark  colour  remains  for  two  or  three 
iDJnuteti,  it  is  n  roii);h  )ru>de  that  sufficient  jieroxide  has  been  added.  Great  care 
must  be  taken  not  to  udd  an  excess  of  the  peroxide,  or  the  whole  of  the  material 
will  be  wasted.  Nordhausen  sulphuric  acid  ia  now  ndded  l>y  means  of  a  thistle 
fiuiiiel,  drairu  out  to  a  line  point,  in  verj'  small  quantities  at  a  time,  cooling 
carefully  between  each  addition,  preferably  by  ice  and  salt.  The  iiiuntity  added 
iii  a  matter  of  importjuice,  too  much  or  too  little  nivi'iK  an  indifferent  yield  of 
the  subetauce ;  the  best  pro^rtion  is  found  by  experience  to  be  about  V^th  of 
the  total  volume  ot  the  liquid  operated  on.  The  mixture,  still  surrounded  by 
ice,  is  put  aside  in  n  cold  phice.  and  after  a  few  liours  crj-HtsIs  be^in  to  form  ;  the 
first  deposit  is  often  discoloured,  and  the  crj-stals  small,  but  the  .'Ubt^uent  crops 
are  beautifully  white  and  pure.  If  the  experiment  is  properly  conducted,  and 
the  liquid  kept  sufHciently  cool,  crystals  continue  to  form  for  several  dap,  but 
the  greater  part  u  deposited  within  about  24  hoius. 

The  crystals  are  collected  with  the  aid  of  a  pump,  carefully  drained,  and 
washed  repeatedly  with  small  quantities  of  cold  wat«r.  After  again  thoroughly 
draininfr.  tliey  are  spread  on  fllter-paper  and  air-dried.  They  appear  to  uuderijo 
no  change  in  the  air,  even  after  several  weeks'  exposure. 


6  times  its  wei^chl  of  glacial  acetic  acid ;  and  rather  more  than  the  calcuhit«d 
quantity  of  bromine,  dissolved  in  a  little  i^jlacial  acetic  acid,  is  added  to  the 
mixture  in  snuitl  portions  at  a  time.  The  first  portions  are  almost  instantly 
blenched,  but  the  action  afterM^rds  becomes  more  sluggish  and  apparently  ceases 
—  a  tew  drops  of  «-ater  are  (hen  added,  whereupon  iJie  colour  of  the  bromine  is 
again  immediately  discharged.  The  addition  of  bromine  is  continued  until  the 
colour  is  quite  permanent  on  standing,  even  when  a  drop  or  two  of  water  is 
,  added.  This  final  stage  is  reached  when  the  bromine  has  been  added  in  About 
tlie  calculated  proportion  (I  mol.  acid  to  1  inol.  bromine) ;  fumes  of  hydrogen 
1>roinide  are  freely  evolved  during  the  opemtioii.  The  dihydroxymaleic  acid  is 
nearly  insoluble  in  ccdd  glacial  acetic  acid,  but  when  the  oxidation  is  finished 
complete  solution  taken  place.  The  solution  ia  allon'ed  to  stand  for  on  hour  or  two, 
aud  then  vigorously  stirred,  when  the  dihj'droxytartaric  acid  quickly,  sometimes 
suddenly,  separates  as  a  heavy,  whil«,  crystalline  powder. 

The  product  is  now  collected  and  drained  with  the  aid  of  the  piiiup.  Hashed 
on(%  or  tn-ice  wilh  small  quantities  of  atihj'drous  ether,  and  kept  in  a  vacuum 
desiccator  over  solid  potash  and  sulphuric  acid  to  remove  the  last  traces  of 
hydrobromic  and  acetic  acids,  bromine  and  ether.  1'he  yield  of  purified  product 
thus  obtuned  is  TO  per  cent,  or  more  of  t!ie  theoretical.  Tlie  formula  for  this 
acid  is  C,U,0^ 

The  acid  just  degcribeil  was  tirnt  stu<lic«1  in  relation  to  ]iotaR8iam 
luTiuunptiiate  liy  Fentoii,  and  the  reaction  found  to  tie  quite  detiiiitc, 
anil  lieariiig  in  mind  tlie  very  ^iwriiixly  i^lulile  cliaracter  of  soiliinn 
ililiydruxj'tArtrate  it  appeared  j>robal)le  tluit  a  simple  vulnmcti'ic  metlKnl 
for  sodium  might  lie  devised.  For  coni|jIete  precipitation  it  is  uecessaiy 
that  tlie  free  acid  sliall  be  exactly  neutralizwl,  and  this  is  moat  con- 
veniently effected  hy  first  prei>ariiig  the  nurilial  jwtaswiiira  salt.  Tlie 
eniidoyment  of  this  salt  as  precipitant  hasi  also  the  advantage  that  risk 
in  avoided  of  the  precipitation  of  potassium  with  the  sodium  salt  when 
the  formei'  nietrtl  is  pri'seiit  in  the  mixture  atmlyzeil. 

Preparation  of  Fotassium  Dihydroxytartrate.— Weigh  equiva- 
lent proportions  of  the  acid  1H2,  and  dry  potassium  carbonate  138  parts.  Dissolve 
separately  in  the  least  possible  quantity  of  ice  cold  water,  then  mix  in  a  vessel 
surrounded  by  ice  and  stir.  Crystals  soon  separate,  which  may  then  be  collected 
on  n  mter,  and  finally  dried  on  changes  of  fllter-paper  iu  the  air  or  in  a  desiccator. 
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The  Aalt  so  obtained  (lo«9  not,  howevn',  keep  in  proper  condition  tor  more  thiii 
Ik  few  day.<,  and  therefore  it  is  better  to  prepare  It  xpeciullv  nhen  rodiuni 
■     s  ha»e  to  be  made.     The  formula  of  the  ^It  is  K.(C,H40()H,0. 


StandardiEiog  the  Fenmrnganate  Solution.— In  this  method  of 
titmting  soda  it  is  preferable  to  standardize  the  perniaU){anBte  upon  pure 
sodium  chloride  rather  than  to  depend  on  the  relations  between  ths  acid  and 
permanganale.  The  strenKtb  of  the  latter  solution  is  best  about  "/g,  i.e..  6'312 
i{m.  of  MnKOj  to  the  liter.  lis  streuKlb  as  re^rda  the  eodjnin  to  be  estimated 
is  BMerlBinPd  by  the  following;  procedure,  beariiij!  in  mind  Ihal  exactly  the 
same  process  in  every  respect  must  be  carried  out  in  estimntiii);  sodium  in  any 
^ven  salt. 

MffTHOD  OF  PBOTEiiriiE:  Alwut  0-2  jnii.  of  pure  sodium  ebloride  is  aetu- 
mtely  weighed  and  dissolved  in  a  small  beaker  with  the  leaxt  possible  quantity  of 
water,  then  placed  in  a  ba.>in  and  surrounded  by  ice.  Then  an  excels,  say  0'» 
Km.  of  the  potassium  salt  is  weinhed  and  dissolved  in  another  small  beaker,  with 
not  more  than  25  c.c.  of  ice  cold  water,  placed  in  ice  and  stirred  till  dissolved ; 
this  occurs  with  some  difficulty,  but  if  the  liquid  u  not  free  from  floating 
larticleii  or  deposit,  it  must  be  quickly  fllt«red  into  the  sodium  solution  still 
standing  in  ice.  The  mixture  is  then  allowed  to  stand  in  ice  for  half  an  hour 
with  occasional  stirrinK.  The  precipitated  sodium  Rait  is  then  collected  by  mttxti 
ot  a  small  filter  on  filter  plate  and  quickly  drained  with  the  wat~T  pump,  then 
washed  with  3  or  4  c.c.  ^  ice  cold  water  three  or  four  times  in  succession,  and 
riuMng  out  the  precipitating  beaker.  FimUl3',  the  precipitate  is  dissolved  Ihrouj-h 
the  filter  iu  a  lartce  excess  of  dilute  HjSO,,  rinsing  out  the  precipitatinft  hcakcr 
with  dilate  acid  in  the  process,  and  titntted  with  tlie  permauKanate  at  ordinary 
temperature.  The  action  on  the  pennant^anate  is  at  first  very  slow,  but  when 
once  commenced  tirows  in  force  similar  to  the  action  of  oxalic  acid,  and  the  end  . 
is  quite  distinct.  The  volume  of  permanganate  havinK  been  noted,  its  workinj; 
Htieugth  in  relation  to  sodium  in  any  available  compound  is  ascertained,  and 
marked  on  the  bottle. 

Es&HPLB :   0'21  pu.  of   pure  NaCI  was  treated  strictly  according  to  the 

Srocedure  just  described,  and  required  48-3  c.c.  of  permani^anate,  not  strictly 
Vb.  but  about  that  strength.  The  same  weight  of  the  same  NaCI  vras  then 
taken  with  about  the  same  quantity  of  purj  KtH  in  the  same  manner.  The 
volume  of  permanganate  used  was  4S'9  c.c.  Taking  into  account  the  large  volume 
of  permanganate  required  for  so  small  a  quantity  of  sodium  the  difference  was 
infinitesimal  as  regards  tlie  amount  ot  Bodium  found-  Practice  undoubtedly 
rendera  the  results  more  secure  if  eiactly  the  same  conditions  are  observed,  more 
especially  in  keeping  the  temperature  down  to  as  near  0°  as  possible. 

Tlie  process  seeiiis  couijdiwitiKl,  Imt  when  oiico  tliy  uuuljtip  arraiige- 
iiK-iitB  are  satisfactorily  inaite  it  liecomes  vcn'  sini|)lc',  anil  if  thi^ri.'  are 
u  series  of  sodiiiiu  estiiuations  to  lie  niwle  audi  on  tlie  alkaline  cliloridew 
in  mineral  water  reaiiliies,  ett-.,  is  for  iiion;  rajiiil,  ami  jirolalily  more 
exact  than  the  ei^tiiuation  of  the  ]H>ta.sHiuiu  by  platinum,  ami  caicrulating 
tlu'  aodhini  hy  iliffereitfc, 

Jt  iimst  lie  noted  that  the  method  is  not  avnilahie,  m  far  as  is 
known,  in  the  presence  of  metala  other  than  xuilium,  ]>iitaK.^iitui,  ami 
iiiBgnesiiini.  .Vmmoiiiiini  sliould  l*c  remove<1,  and  Ixirax  cannot  lU'cii- 
rately  lie  e-\amiued  fur  itr<  siMliiim.  The  metals  slioidd  jireferalilr  lie 
present  as  chlorides,  sulphates,  or  nitrates  ;  carlwinates  and  liydroxidcs 
*if  SfKtinin  must  lie  neutralized  exactly  with  one  of  the  mineral  acids. 

10.    Sstlmation  of  Fotaaaiuiu  by  Sodium  Cobalti-nitrite 

and  Fermanganate. 

Tlie  value  of  siKliiim  eoljalti -nitrite  as  a  qnalitative  test  for  iHitassimii 

salts  lias  Iteen  well  known  as  de  Konin^'U's  reagent,  Wt  its  nse  us 
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a  qwantitative  reagunt  lias  becii  njcetitlj-  investigatcil  by  K.  H.  Adie 
and  T.  B.  ^'ood,  who  have  described  their  satisfactory  experiments 
ill  the  [irocess  Iwth  gravimetric  and  vtihinictric  {J.  V.  S.  Isxvii.  1076). 
The  gravimetric  process  need  not  be  described  liere,  but  t)ie  reeiiltg 
are  satisfactory,  and  the  vohiiuetric  also. 

The  method  is  baaed  on  the  fact  that  |)OtasBium  may  be  combinetl 
in  an  insoluble  fomi  as  cu]>alti-iiitrite  of  soiliiiin  and  putassiiun, 
Kj>i'aC«(N02)oHi,(),  and  the  amount  of  K,0  is  found  by  using 
standanl  potassium  jiemianganate  as  an  oxidizing  agent,  1  c.c.  of 
strictly  ^/iQ  permanganate  being  equal  to  00007833  gm.  of  Kjf). 

My  opinion  is  that  the  value  of  the  ]>eniianganate  uee<l  in  titration 
as  regards  K-U  is  to  titrate  the  ]ir«cipitate  of  a  known  qaantity  of 
[ntK  KCl  anil  not  to  depend  \i\tim  any  theoretical  inimlieT. 

Tlie  reagent  used  for  precipitating  the  jKitash  is  sodium  cobalti- 
nitrite  and  is  pix-iiared  as  follows ; — 220  gm.  of  sodium  nitrite  are 
dissolved  in  400  c.c.  of  water,  113  gm.  of  cobalt  acetate  are  dissolved 
in  300  c.c.  of  water  and  100  c.c.  of  glacial  acetic  acid  added.  The 
two  solutions  are  mixed  and  gently  warmwl,  NO^  is  evolved  and  the 
s(dution  Incomes  dark-toloureit.  The  NO^  is  best  evacuated  from  the 
l)ottle  by  a  water-pump  and  the  liquid  is  left  over-ii^ht,  during  which 
a  yellow  precijiitate  settles.  The  solution  is  then  filtered  clear  and 
dihitiTd  with  i*-ater  to  a  liter. 

Tlie  amount  of  KjH  taken  for  titration  iHUst  not  be  too  large.  The 
proportions  given  by  the  authors  for  high  graile  coiumercial  potassium 
chloride  or  sulphate  is  to  dissolve  10  gm.  in  a  liter  of  water  and  use 
10  c.c.  for  jirecipitation.  For  commercial  kainitc  40  gm.  in  a  liter 
and  10  e.c.  for  precipitation.  In  general  use  the  ]Milasli  solution  should 
lie  eitln-r  concentrated  or  diluted,  so  that  it  contains  from  0'5  to  1  per 
cent,  of  Kj(l.     This  is  very  iniportajit, 

UcTHOV  OF  Pboceuvhe^  To  10  c.c.  of  poUch  solution  add  10  c.c.  of  the 
cobalt  rea^ut  and  aboul  I  c.c.  of  stroQK  scetic  acid  (about  98  ^'„).  The  precipitate 
eettlea  readilv,  but  it  is  beut  to  defer  tlie  filtration  for  a.  few  houre  or  overnight. 
It  is  then  filtered  off  on  a  Gooch  ssbestos  filter  and  washed  wilb  solution  of 
noetic  acid  of  10  per  cent,  streufrth  by  yohimp,  until  the  filtrate  is  colourless, 
finally  washed  once  nith  nitter.  Fitterinfr  tbrougb  paper  must  not  be  done,  as 
it  interferes  with  the  permjuijnillate  titration. 

Tbe  asbestos  and  precipitate  are  blown  and  washed  out  into  a  beaker  and  2  or 
3  c.c.  of  10  "j^  caiislifi  soda  solution  added,  then  boiled  for  about  ten  iniiuites. 
The  asbestos  and  prerjpilate  of  cobalt  hydroitide  are  then  filtered  off  with  repeated 
smalt  quantities  of  water,  and  Hie  filtrate  made  up  to  100  c.c.  SO  c.c.  are  taken 
for  titration  with  ^/lo  pemiaUEanate  bv  first  acidifyiu«  with  dibit  ■  sniphuric 
acid,  and  runnin);  in  the  pennan>,'anate  till  the  colour  is  t>ennanent.  This  will 
not  Kive  correct  results,  owlu);  to  ihe  powible  liberation  of  some  nitroj^en  oxides 
by  the  acid,  but  is  used  as  a  ){ui(le  as  to  the  probable  amount  of  peruianxauate 
necessary.  A  second  20  c.c.  is  then  taken  without  acid  and  the  amount  of 
permanganate  before  used  at  once  added,  then  slowly  acidified  until  the  ct^ur 
disappears ;  the  permanganate  is  then  added  drop  by  drop,  DDtil  the  colour  holds 
for  a  minute,  in  which  case  the  process  may  l>e  considered  finished. 

It  is  well  to  repeat  in  order  to  obtain  the  best  results. 

Jfy  experience  of  the  method  is  that  with  cai'eful  management  good 
reaiUts  may  be  obtaineil.  <Jne  of  the  difficulties  found  by  me  at  first 
was  tliat,  omng  to  the  finely  divideil  nature  of  the  precipitate  it  is 
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difficult  to  get  a  tlioroiighly  clfar  tiltmte;  wliun  waalied  witk  tUw 
dilute  acetic  acid  or  v&tev,  xoiue  of  tlie  ])recipitate  ia  apt  to  watili 
thruiigh  unlese  a  very  cloae  flltei  is  ii3t?d,  but  the  caiiee  of  this  was 
found  to  l>e  usiiij;  a  too  di]ttt«>  solution  of  the  )>otassium  salt. 

As  examples  of  thi;  accuracy  of  tlie  method  the  foUowiog  aiialysos 
an'  jjiven  by  the  authoi-n — 

(1)  Kainite  :  I.  II.  Main. 

KgO  per  cent V2-2-2  1194  1213 

Ity  platinic-chloride  metliod  : 

KjOiwrcent 11-98  12-07  12-0.3 

(II)  Commercial  intasRitim  Kiilphate  ; 

KjOperucut 50-05  .50-82  50-4+ 

Bv  platillic^;ldoride  method  : 

Kjd  jKTcent 50-80 

For  soils,  till'  authow  have  found  the  followiug  mctliod  to  give  very- 
satisfactory  reHulttt.  The  i^iil  is  extiacte<l  by  heating  10  grams  iu 
a  loosely  stojiiRTciI  .leiia  glass  flask  with  iJO— 30  c.c.  of  strong  hydro- 
chloric: acid  for  48  honrn.  Tlie  Holutiou  is  then  freed  from  all  bases 
wliiuli  iniglit  inti-rfere  with  tlie  method,  by  lioiling  with  excess  of 
Miditim  caTbonah*.  The  prueipitated  Inxes  arc  filtered  off,  and  tlio 
solution  concentrated,  after  aililitiuii  of  acetic  acitl,  to  10  c.c,  or  to 
a  volume  wLicli  givi-s  the  c-onceiitration  of  ikotasU  recoiuniendiiil  above. 
Ten  c.c.  of  the  sodium  coltalti-nitrite  reagent  arc  now  added,  with  more 
acetic  acid  if  necessary,  and  the  pi'ecipitate  allowed  to  settle.  The 
volumetric  estimation  is  now  carrifnl  out  as  l)efore. 

Tlie  following  results  lia\'e  Iweii  olitained  by  various  extractions  of 
tlie  same  peaty  soil  under  diflerent  conditions.  The  solution  from 
each  extraction  was  divided  into  aliquot  jiarts,  and  comparative 
estimations  of  the  ]iotash  made  by  the  coI»Iti-uitrite  volun»etric  and 
liy  the  platinic-chloride  gi-a\'imetric  methods  ; 

K,0  per  cent. 
I'eaty  Soil :  I.  IL        III.       IV.     Mean, 

lly    cobalti-iii trite    volumetric  > 
method  . 


1-09     1-20     106     loa     110 


By   platinic-clUoride    gmvime-  .    j..,j     j.^g     ^.g^     ^.^^     j.^y 
trie  methiMl    i 

These  results  show  tliat  the  mcthoil  is  reliable,  and  ia  especially 
useful  where  a  number  tjf  determitiatioiis  have  to  Iw  made  at  one- 
time. 

^Wiotber  methml  which  is  adojited  in  the  laboratorj-  of  tlie  Ecole- 
Natiouale  des  Klines  under  the  direction  of  A.  Camot,  and  is  based 
on  the  formation  of  the  double  thiosulphate  of  bismutli  and  potassium 
and  its  estimation  by  iodin<-.  ^Vmong  the  ilrawbacks  of  the  method 
are  the  higldy  concentrated  solution  of  tbe  [iotasb  required  and  the 
large  amcniiit  of  jmre  alcolwil  iieceasary  to  im  used.  The  end-|)oint  is 
alao  siimewhat  diflicult  to  tlistiugiiish,  and  again,  care  is  necessary  to- 
pmcnre  pure  and  fresh  calcium  tliiosulphate. 

Tlie  neceaaary  reagents  are  as  foLows  :^ 

Bismuth  chloride  solution. — 100  gm.  of   bismuth  subnitrate  ar& 
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tUssolvetl  by  exactly  the  iiecensary  amount  of  liydrotliloric  aoiil,  ami 
iiiHiIi!  11])  to  1  lit«>r  with  95  jHT-cfiit.  alcoliol.  If  any  tiirliiility  eiiRues 
— line  to  the  preciiiitatiim  of  a  snh-salt — it  sliimld  lie  reilissolveil  by 
ji  few  drojw  of  liyilrocliloric  aciil. 

Caltium  tliioHiiljiluite  solntiou.-  -Tliis  slioiilil  eontaia  200  giii.  of  the 
]iiire  crj'Ettallized  salt  jn'r  liter.  Tlie  tliiosnlpliat*  must  !«  fi-echly 
lirei»rwl,  exliiliit  no  tinj^e  of  yellow,  ami  lie  iiroiwily  crystallizeil. 

Tlie-ealeiuiii  tliiosiiliihate  may  be  ]nt'|iare(l  l>y  (lefoiiijKising  a  hot 
^^ouceiitrateil  wiliitii)ii  of  ])iire  calciuui  ehluriile  by  pntv  sodium  tliio- 
sul{iliato.  The  liquid  as  it  (.-ixils  dejHtsitB  a  larne  <]iiaii(ity  of  codiinu 
cldoride,  and  if  it  Iw  tlieii  further  eoneeiitrateit  by  evaiKiration  at 
ji  temiKiraturo  l)elow  50°  C,  the  remaining  »iili'.mi  chloride  will 
r<e|>amte  completely,  and  on  cooling  the  Holiitioii  to  ^O*^  C.  it  will 
yield  pure  cn'HtaU  of  calcium  thiii!iul]>liate. 

Iodine  tmhitioit. — A  staiidanl  solntion  eontaiiiing  26'9G  gm.  of  piii'C 
io<!iue  diiwolveil  by  the  aid  of  about  iO  gm.  of  pure  potassium  iodide. 

Sodium  tIiiosiU]>hate  Holution. — Standardized  t^i  currctiponil  to  the 
iodine  sohition-    i.e.,  eont^uiiinf,'  52'64  giii.  of   the  crj'stallized  silt 

Method  of  Psocbdubb  :  The  potawium  rait  in  dissolvi-d  in  8  e.c.  of  naler, 
and  the  sohition  (wbieh  may  include  a  trace  of  free  liydrocliloric  acid)  diould 
not  coiiUtD  more  than  0*7  gm  of  K^O.  To  obtain  an  avent)^  samnle.  ill  the  case 
of  more  or  lew  hoiuo(^neon»  complex  bodies,  it  is  1>elt(T  to  diswlve  from  20  to 
30  iiw-  in  the  proportiou  of  1  |<ni.  of  xubstauce  to  8  e.c.  of  water. 

A  mixture  uf  the  reagents  is  then  prepared  by  uddin);  to^tetber  in  the  folio wiu)^ 
order :  SIO  c.c,  of  the  aluoholic  bi^inutb  solution,  23  c.c.  of  the  calcium  tliiosulpliate 
noIutioD,  and  200  c.c.  of  95  per-cenl.  alcohol ;  this  uliould  produce  a  perfwtlv 
1-lear  liquid.  "When  the  substance  containa  less  than  0'3  gm.  of  K^O.  one-llalf 
the  fore^roing  quantities  of  bismuth  and  thioaulpliale  solutions  and'  150  c.c.  of 
alcohol  will  be  ^uf&cieut. 

The  reafjent  is  poured  into  the  potash  solution,  and,  after  vifiorous  notation 
left  at  rest  for  half  an  hour,  by  whicli  time  the  precipitate  of  double  tbiosulphate 
of  bisniulh  and  potassium  will  have  fallen.  On  decanting  the  liquid,  the 
precipitate  is  thrown  ou  to  a  filler,  and  carefully  ti-aslicd  witli  95  per-cent. 
alcohol.  Quick  filtration  is  desirable,  but  the  aspirator  need  not  lie  resorted  to  if 
the  paper  ia  good  and  filters  treelj, 

^Hie  double  salt  is  dissolved  by  washing  with  cold  ii-ater  on  the  filter,  and, 
after  the  addition  of  a  little  fresli  starch  indicator  and  2  or  3  c.c.  of  hydrochloric 
acid,  iodine  solution  is  added  from  a  burette  uutil  a  dark  brownish-green  colora- 
tion (passing  suddenly  from  pale  yellow)  is  produced.  Should  the  end-{>oint 
liave  been  overstepped,  the  sodium  thiosutphate  solution  is  UEe<).  Each  c.c.  of 
iodine  solution  corresponds  to  001  gm.  of  K.O. 

The  method  is  fairly  exact  and  iiijiid,  but  recitiircs  the  observance 
of  tlie  following  precautions  : 

The  calcium  thioHuljihate  mntJ  Ik  fwHlity  prciareil ;  the  bismuth 
iii'lution  must  contain  e.xactly  100  urn-  "i  eubniti«te  per  liter  ;  95  i>er- 
eeut  alcohol  alone  tihonld  l>e  used,  as  the  precipitate  is  ]mrtly  soluble 
iu  weaker  spirit ;  and  the  mixed  solution  mmit  be  nUghtlij  aciil.  It  is 
also  important  tliat  the  thiosnlphate  ishonld  not  lie  iu  excess  as 
eomjHtred  with  the  bisnmth,  or  a  portion  of  it  will  lie  tlirown  down 
by  the  alcohol  and  vitiate  the  result.  If,  however,  all  tlie  conditions 
lie  olwerved,  a  careful  operator  will  be  able  to  detennine  with  ease 
jiotash  existing  indifferently  as  chloride,  nitrate,  carbonate,  i>ho»]thate, 
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or  even  eulphate,  without  the  necessity  for  the  previous  removal  of 
Buch  associated  bases  as  soda,  lithia,  ammouta,  hiue,  magnesia,  iron  ov 
manganese  oxides,  etc. 

TECHNICAL  EXAMIBTATIOK  OF  SOME  ALEAUSTE 
COMFOTTITDS  FOUITD  IN  COHHEBCE  OB  OCCUB- 
BING    in    C0UB8E   OF    HAKUFACTUBE. 

There  is  now  considerable  unanimity  among  English  and  foreign 
manufacturers  of  alkaline  compounds,  as  to  methods  of  analysis  to  be 
adopted  either  for  guidance  in  monufocture  or  commercial  valuation. 
Lunge  has  contributed  important  papers  on  the  subject  (J.  S.  C.  I. 
1.  12,  16,  55,  92),  also  in  conjunction  with  Hurler  in  the  Alkali 
M<tker^  Hand  Book*  wluch  contains  valuable  tables  and  processes 
of  analysis.  So  far  as  volumetric  methods  are  concerueil,  the  same 
processes  will  be  given  here  with  others. 

11.     Soda  Ash,  Blaok  Ash,  Hother-liguora,  etc. 

Soda  Ash  or  Beflned  Alkali.  -5  or  10  fim- are  dissolved  in  about  160 
c.c.  of  wftrm  dietilled  water,  nnd  toy  iiisoluble  mdltur  filtered  aft  (Germnti 
chemistB  do  not  filter),  and  tbe  volume  diluted  to  i  or  1  liter. 

The  total  qiutatity  uf  alkali  ia  determined  in  GO  c.c  by  normal  sulphuric, 
nitric,  or  liydrochloric  acid,  as  in  §  17.  l.t 

The  quantity  of  caustic  alkali  present  in  anj-  sample  ia  delcrmined  as  in 
S  17.  2  or  5. 

The  presence  of  sulphide  is  ascertained  by  the  viuell  of  sulphuretted  hydrogen 
when  the  alkali  is  saturated  wicli  an  acid,  or  by  dippiug  (laper  alee]>ed  in  eodium 
nilro-pmsside  into  the  sotutioti :  if  the  paper  turns  blue  or  violet,  sulphide  is 
present. 

The  quantity  of  sulphide  and  sulphite  may  he  del«nniued  by  siturating 
a  dilute  solution  of  the  alkiiU  with  a  slight  exL'ess  of  acetic  acid,  adding  starch 
and  titrating  with  ^/ip  iodine  5olutio[i  till  the  blue  colour  appears.  The 
quantity  of  iodine  required  is  the  measure  of  the  sulphuretted  hydrogen  und 
sul^urous  acid  present. 

The  proportion  of  sulphide  is  cftimated  as  follows  :  13SJ20  gm.  of  pure  silver 
are  dissolved  in  dilute  nitric  acid,  and  the  solution  together  nith  an  excess  of 
liquid  ammonia  made  up  to  a  liter.    I'^h  c.c.  =  0(105  gm.  Na,S. 

Method  of  Pbocedubb  ;  100  c.c.  of  the  alkali  liquor  ia  boated  to  boiling, 
some  ammonia  added,  and  the  silver  solution  dropped  in  from  a  burette  until  uo 
further  precipitate  of  >tgjS  is  produced  Tonards  the  end,  filtration  nilt  he 
nei'esaarv  in  order  to  ascertain  the  exact  point,  to  which  end  the  Bealcs  filter  is 
ferviceable  (Sg.  23).  The  amount  of  NajS  so  found  is  deducted  from  the  total 
aulpnide  and  sulphite  found  by  iodine. 

Sodium  chloride  (uommon  salt)  may  be  determined  by  carefully  neutralizing 
1  (Cm.  of  the  alkali  with  nitric  acid,  and  titrating  with  decinormal  silver  solution 
and  chroinate.  Each  c.c.  representu  0*005815  gm.  of  coniinon  salt.  Since  the 
quantity  of  acid  necessary  to  neutralize  the  alkali  has  already  been  Found,  the 
proper  measure  of  ^/lo  nitric  acid  may  at  once  be  added. 

Sodium  Bulphate  is  determined  either  directly  or  indirectly,  as  in  $  77.  E»<.-h 
CO.  of  normal  barium  chloride  is  equal  \a  0071  gm.  of  dry  sodium  sulphate. 
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bared  on  tbe  iofolubilUy  of  barium  sulphite  aod  Ilie  solubilitj  at  banum  thic- 
Bulpbate  in  alkaline  golutiona.  The  eetimatioD  is  perfoniied  in  the  fullowiug 
manlier:-'!, —  The  total  alkalinity  is  determined  in  a  mensured  vuliiinc  of  tlie 
liquor  under  examination  by  titration  witli  normal  atid,  methyl  oraii(^  bein^ 
used  as  Indicator.  The  acid  couiiumed  equals  sodium  carbonate -t-gndiunifulpliide, 
+  «oiliuin  li;droiide,  +  ODe-hal[HidiuiiiBalphite  (NajSO^isalkaKueandNsUSOf 
neiitnil  t«  melliyl  urange).  2. — An  equal  volume  of  the  liguor  ii  titrated  with 
"^/lo  solution  of  iodiiie,  ti.e  volume  conauuied  currci<iiotidinK  ivith  the  Bodium 
sulphide  +  the  sodium  sulpl.ite,  +  the  iwlium  thiomlphnte.  8. — Twice  t!:e  volume 
of  liquor  as  tliat  used  in  (1)  and  (2)  is  prei-iiiitattd  mlh  an  alkaline  linc  solution, 
and  tbe  mixture  made  up  lo  a  certain  measure,  one-lialf  ot  ichleh  is  Gttcred, 
acidiHed,  and  titrated  with  ^ho  iodine.  The  iodine  consumed  equals  aodiuni 
sulphite  +  thionulpluite.  4. — 'jhre.'  or  four  times  tbe  volume  of  liquor  used  in 
(I)  and  (2)  is  treated  with  an  exeeKa  of  a  solution  nf  barium  chloride,  tlie  mixture 
made  up  to  a  knoHrn  volume  with  water,  and  flllered.  (n)  One-third  or  one- 
fourth  (aK  the  case  may  be)  of  the  filtrate  is  titrated  with  nonual  acid  tlie  amoinit 
used  PorresjwndinK  with  the  sodium  hj-droxide  +  the  sodium  sulphile.  (i)  A 
new  third  or  fourth  ot  the  filtrate  is  acidified  and  titrated  with  "/lo  Iodine,  the 
iodine  consumed  being  equal  to  sodiunk  sulphite  +  sodium  tliiosulj^ale.  The 
calculation  is  matie  as  follows : — 

2  — 4i   —  A  c.c.  ^/lo  iodine  corresponding  lo XaSOj 

2  —H     —B  c.c. '*/io  iodinecorivHpoiiding  to  ,..;:....     Na..S 

44— (2-3)    ...=Cc.c.  w/ioiodineoorrespondlngto  NasSjO, 

in — iVB =  D  c.c.  normal  acid  corresponding  to NaOU 

1   -   (4o  ■Hi'mA)  =B  C".  Qorauil  acid  correspondinK  to  Na^COj 

Black  Ash.-  Digest  50  gui.  with  warm  wa'.er  in  a  half-liter  Rask,  fill  lll> 
lo  mark,  and  alio  v  to  settle  cli>ar. 

(1)  Total  AU-ali  existing  ns  cnrbonate,  hydrate,  and  sulphide,  is  found  liy 
titrating  10  c.c.  =  l  tnu.  of  ash  with  standard  acid  an<l  methyl  oran^je  in  the  cold. 

(2)  Cautlic  Sona.-  20  C.C.  Of  the  liquid  are  put  into  n  100  c.c.  flask  with  10 
cc.  of  solution  of  barium  chloride  of  10  per  cent,  strength,  filled  up  with  hot 
water,  well  ■^liakeii,  and  corked  after  settliuK  a  few  minutes.  The  clarified  liquid 
is  filtered,  and  50  c.c  — 1  gm.  ash,  titrated  with  standard  acid  and  methyl  omni^ ; 
or  it  may  be  titrated  without  hltration  if  standard  oxalic  acid  and  pheuoljili- 
thalei.i  are  used,  this  acid  having  no  effect  on  the  harium  carbonate.  Each  c.c. 
normal  acid^O'031  Na^O.     This  includes  sulphides. 

(a)  Sodium  Sulphide.— ?\il  10  c.c.  of  liquor  into  a  flask,  aciduUle  with 
acetic  acid,  dilute  to  about  200  c.c.  and  titrate  nilli  ^/lo  iodine  and  stare!'. 
Each  cc.  =00038  Na.S,  or  00031  XajO, 

(4)  Sodium  Chloride,— 10  C.C.  are  neutralized  exactly  with  normnl  nitric 
acid,  and  boiled  till  all  HfS  h  evaparat«d.    Any  sulphur  which  may  have  been 

E^ipitated  is  filtered  off,  and  the  filtrate  titrated  with  ^/lo  siWer  and  chromalo. 
ch  c.c.  =  0006845  ym.  NaCl. 

(5)  Sodium  Si>!pha/e.—Thie  ia  best  estimated  by  precipitation  as  barium 
sulphate,  and  weiglung,  the  quantity  being  small.  If,  however,  volumetric 
esliiiiation  is  desired,  it  nnt   be  done  as  in  §  77,  taking  50  c.c.  of  liquor. 

For  otlicr  mcthmla  of  examining  tlic  various  solid  ai«l  liquid  alkali 
wastes  used  for  soda  and  suljihur  recovery,  etc.,  the  reader  is  referrol 
to  the  Allah  Maleia'  Hand  Book  already  mentioneil. 

12.     Salt  Cake. 

Is  the  soniew)iat  tiupurc  sodium  sulpliatc  uxed  in  alkali  maiiiifoettint 
or  left  in  the  retorte  in  prpjNiriiif;  liydniuhloric  acid  from  sulphuric  acid 
and  salt,  iir  nitric  acid  from  Ewdiura  nitrate.  It  generally  contains  free 
aulphuric  acid  existing  as  sodium  Iiiaulpliate,  the  quantity  of  wliieh 
inay  !»  ascertained  liy  direct  titration  with  iiornial  alkali. 
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The  common  aalt  presaul  is  estimated  by  dediiormal  silver  solution  and 
cbromate ;  liavin^  Rnt  snturated  the  free  acid  ivith  pure  sodium  carbonate, 
1  CO.  silver  solution  is  equal  to  0005845  sp-  of  H«lt. 

Sulphuric  acid,  combin«l  with  soda,  ia  estinmted  either  directly  or  indireotly 
as  in  g  77 ;  1  c.c.  of  normal  barium  solution  ia  equal  to  O-071  gm.  ot  dry  sodium 
sulphate. 

Iron  is  precipitated  from  a  filtered  solution  of  the  salt  cake  with  ammonia  in 
excess,  the  precipitate  oC  ferric  oxide  re-dissolved  in  aulphuric  acid,  reduced  to 
the  ferrous  state  with  iiinc  and  titrated  nith  pennauganabe. 

13.     Soap. 

The  lut'thoilK  liete  given  lire  a  combination  of  those  pubiisbeil  by 
A.  Et.  Leeds  (C.  :V.  xlviii.  166)  and  C.  R.  A.  Wright  {Joum.  Sor. 
Arf8,  1885,  1117,  also  J.  ,'i.  C.  1.  iv.  631),  and  others. 

(1)  Moiitnre  axd  Volatile  Malief  — 16  gm.  are  dried  1«  a  constant  weight, 
finrt  at  luO°  t  en  at  110°  C. 

(3)  Fret  Jo/i.— Residue  of  (1)  ia  exhauaWd  in  a  Soxlilet  tube,  witli  light 
petroleam  ether,  and  the  extract,  after  evaporation  of  the  clher,  weighed. 

(a)  Falls  -^evU,  Ch/or.den,  Sulphate',  QlyceriHt,  <(e.— The  residue  from 
(2),  which  haa  I eeti  treated  wi  h  ether,  represenla  IS  ^^i.  soap;  it  is  neii;hed, 
and  tno-thirds  of  it  »re  dii<solved  in  water,  and  normal  nitric  acid  added  in  excesa 
to  separate  the  fatty  acids.  The.ie  are  collected  on  a  tared  filter,  dried,  and 
weighed.  The  acid  filtrate  is  now  titrated  with  norma)  soda  or  potash  (free  from 
clitorides  or  sulphate.^),  with  phenolphtlialein  i.a  indicator ;  the  difference  lietireen 
the  volnmes  uf  acid  and  alkali  used  gives  roughly  the  total  alkali.  The  residual 
neutral  liquid  ia  divided  into  two  equal  parts,  in  one  of  which  chlorine  is 
estimated  with  "/lo  silver  aud  chromate,  and  in  the  other  sulphuric  acid  by 
normal  barium  chloride.  If  glycerine  is  present,  it  may  be  estimated  by 
Muter's  copper  test  in  the  absence  of  sugar.  Su^r  is,  however,  often  lai^ly 
used  in  transparent  soaps  in  place  of  glycerine ;  when  both  are  present,  the 
separate  estimaiou  ia  difficult,  but  "Wright  suggeaiB  the  method  of  Fehliug 
for  the  sugar,  first  inverting  with  acid ;  the  copper  retained  in  solution  by  the 
glycerine  being  estimated  cobri metrically,  using  for  comparison  a  liquid  con- 
taining both  sugar  and  glycerine  tu  known  extents,  treated  side  by  side  with 
the  sample  tested. 

(4)  Free  and  Tolal  J/i-o/,.— These  are  obtained  by  Wright's  alcohol  test. 
Two  or  three  grams  of  the  soap  are  boiled  with  05  per-cent.  alcohol,  the  extract 
filtered  off  and  residue  washed  with  alcohol.  The  solution  so  obtained  may  be 
either  positively  alkaline  with  caustic  alkali,  or  ne  atively  alkaline  from  the 
presence  of  fatty  acids  or  a  diacid  soap,  according  to  the  kind  of  soap  used. 
PhenolphtLalein  ia  added,  which  shows  at  once  whether  free  altali  is  present, 
and  in  acoordHn<;e  with  this  either  standard  alcoholic  acid  or  alkali  is  used  for 
titration.  The  residue  on  tlie  filter  is  then  dissolved  in'waler.  and  titrated  with 
decinormal  acid ;  the  alkali  so  found  may  include  carbonate,  silicate,  borate,  or 
aluminate  of  aoda  or  potaah.  and  also  any  soluble  lime.  The  sum  of  the  two 
titrations  will  be  the  total  alkalinity  in  case  both  showed  an  alkaline  reaction  ;  if 
otherwise,  the  alkali  used  to  produce  a  colour  in  the  alcoholic  extract  ia  deducted 
from  the  volume  ot  acid  uaeo  in  the  water  extract.  Thia  method  of  taking  the 
alkalinity  of  a  soapia  very  fairiy  exact ;  the  error  ought  never  to  exceed  ±  VH 
per  cent.  J.  A.  Wilson  (C.  N.  lli.  280)  stitea  that  the  eatimation  of  free 
tnustic  alkali  in  high  clasa  soap^,  containing  no  free  glyceridea,  by  the  alcoholic 
method  is  correct,  but  not  in  the  case  of  common  commercial  aoape. 

(6)  Combined  ^Ho/f.— Wilson  (C.  N.  Ixiv.  205)  ptr ce?ds  as  follows;— 
1,  The  alkali,  in  all  tonus,  is  determiued  by  titration  with  standard  aoid  in 
the  usual  manner.  2.  Another  weighed  quantity  of  the  soap  is  decomposed  in 
a  conical  dask  with  a  slight  excess  of  dilute  HjIjO^,  and  the  flask  kept  on  the 
water-bath  till  the  fatty  adds  separate  quite  clear.  The  Bask  is  then  placed  in 
ice-water  to  cool,  and  then  filtered.    The  fatly  acids  are  washed  three  times 
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Bucceasively  witb  250  c.c.  of  botUa^  water  and  alloived  to  uool  each  time  uid 
filtered.  The  unit«d  SlCrst«H  are  diluted  to  1  liter,  and  e  fJ  c.c.  placed  in  a  clear 
white  beaker  and  tinted  with  methyl  orange  "fio  ftikali  is  then  dropped  in  till 
the  liquid  acquires  the  usual  colour.  &fl«r  which  a  little  phenolphtbalein  U  added, 
and  the  addition  of  standnrd  alkali  continued  till  a  permanent  pink  is  eatablished. 
The  number  of  c.c.  used  in  the  latter  titration  are  due  lo  the  soluble  acids,  and 
are  calculated  to  caprylic  acid.  The  fatty  acids  in  the  tlask  and  any  little  Ol) 
the  filter  are  dried  and  weighed,  and  then  dissolved  in  aicohol,  and  titrated 
with  "'/s  alcoholic  alkali.  The  aUali  fo  nsed,  logelher  viilh  that  rrguired  Jitr 
lUKiraluaiio*  of  tke  tolMhU  acv't,  and  deducted  from  the  total  alkali,  gives  the 
alk^i  existing  in  other  forma  than  as  soap.  Of  course,  if  de-ired,  the  soap  may 
be  decomposed  with  HjSO,,  and  the  alkali  required  lo  neutralize  the  normal 
methyl  orange  noted,  which,  deducted  from  the  tetal  acid  used,  would  give  the 
aoid  equivalent  t«  the  alkali  existing  in  all  form$. 

Another  method  is  used  to  enlimate  the  free  alkali  in  soap.  Two  standard 
solutions  are  required,  i.e..  ^/lo  caU'<tio  soda  in  alcohol  and  an  alcoholic  solution 
of  stearic  add,  both  to  au:ree  when  titrated  warm  with  phenolphtbalein, 

H&THoo  OF  PaoTEDUBE :  2  gm.  of  soap  are  weiglied  into  a  round-bottomed 
Daak.  of  about  300  c.c.  capacity,  anil  50  c.c.  alcohol  poured  upon  it,  ™/to  stearic 
acid  is  now  run  in  from  a  burette  in  amount  jud  'ed  to  be  suOicient  to  neutralize 
the  free  alka  i  in  2  gm.  of  the  soap,  some  phenolpbtiialein  added,  and  the  daak 
then  closed  with  a  eork,  through  which  passes  a  glass  tube  about  30  inches  long 
and  of  about  1  inch  intcnial  diameter,  the  lower  end  died  to  a  point  to  serve 
as  a  reflux  condenser.  The  flask  and  contents  are  placed  on  a  steam-bath  and 
heated  thirty  minutes,  at  the  expiration  of  which  time  the  solution  should  be 
quite  clear  and  show  no  alkali  with  the  phenolphtbalein.  If  the  solution  turns 
red  during  the  boiling,  showing  that  an  iusuflicjent  quantitv  of  stearic  acid  has 
b^en  added  at  iii^t,  add  more  of  that  solution  until  the  colour  disappears,  then 
sevemlc-c,  inexceM,ahd  heat  twenty  minuter  further  The  flask  is  now  removed 
from  the  bath  and,  after  a  few  minutes'  cooling,  titrated  with  ^j\o  cauKtic  soJa. 
The  difference  between  the  number  of  c.c.  of  stearic  acid  added  and  the  number 
of  c.c.  of  caustic  soda  used  to  back  titrate  is  equivalent  to  the  total  free  alkali 

While  the  first  flar<k  is  heiiting.  weigh  out  in  a  similar  flask  2  gm,  of  soap  and 
add  60  c,c  alcohol  and  place  on  the  it«am-bath.  When  the  first  test  is  finished, 
calculate  roughly  the  total  alkali,,  awuming  the  total  quantity  to  be  carbonate. 
Now  add  to  the  second  flask  an  amount  of  10  per  cent,  barium  chloride  solution 
sufficient  to  prei:initate  alkali  found,*  heat  a  few  minutes,  add  phenol pbthaleto, 
and  titrate  with  ^/lo  stearic  acid.  The  titration  must  take  phwje  slowly  and 
with  thorough  agitation  of  t,he  liquid,  for  the  reason  that  the  sodium  or  pot^ium 
hydroxide  reacts  with  the  barium  chloride  added  and  forms  sodium  chloride  and 
barium  hydroiide.  The  latter  ia  not  very  soluble  in  the  alcoholic  liquid,  and 
sufBcient  time  and  pains  must  be  taken  to  ensure  its  complete  neutralization  by 
the  stearic  acid.  A  blank  test  should  he  made  on  60  c.c.  of  the  alcohol,  since 
this  frequently  contains  COj,  and  the  number  of  tenths  c.c.  "/lo  caustic  soda 
necessary  to  neutralize'  the  free  acid  in  this  quantity  of  alcohol  added  to  the 
reading  of  the  stearic  acid  burette  in  the  second  test.  This  corrected  reading 
gives  the  number  of  c.c.  ^Iin  stearic  acid  used  to  neutralize  the  caustic  alkali  in 
2  gm.  of  soap.  The  difference  between  the  lolal  alkali  found  and  the  caustic 
will,  of  course,  give  the  carbonate. 

Example  :  2  gm.  of  soap  and  15  c.c,  "/lo  stearic  acid  ;  32  c.c.  */io  caustic 
soda  te  back  titrate.  Consequently,  15  — 3'2  =  1I8  c.c,  "/m  of  sleario  acid 
equivalent  te  total  free  alkali. 

To  neutralize  the  f^ustic  in  the  sample  treated  with  barium  chloride  n-as 
required  41  c.c.  of  ^/m  stearic  acid.  50  c.c.  of  the  alcohol  used  required  0*2 
CO.  of  "/lo  caustic  sodn,  then  41  +  0  2,  therefore  : 

4-3  c.c.  *'/io  stearic  acid  to  neutralize  free  cau'tic  alkali. 

11'8— 4-3  =  7o  c.c.  */io  stearic  acid  to  neutralize  carbonated  alkali, 

KjO  or  0-lSa  o.c,  10  pec  cent,  barinm  cMoride 
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I  c.c.  "/to  Btetiric  acid^OOOi  gm.  of  caustic  soda  or  0'00!>3  ^.  of  sodium 
o<irboiute, 

Tbe  above  fibres  oalcukted  to  percentage  would  be  : 

0'66  per  cent,  of  cauxtio  Bod&  and  1*9B  per  cent,  of  sodium  carbomtte.  This 
method  is  onljr  applicable  to  aoaps  of  good  quality. 

TITBATIOK    OF    ALEALIITE     EARTHS    AITD    THEIB 
COHFOniTDS. 

§  18.  Standard  hydrochlorii;  or  nitric  Avid  must  in  all  casee  be 
iiBe«t  for  the  titration  of  the  caustic  or  carbonated  alkaline  earths,  as 
these  are  the  only  acids  yielding  soluble  comixninds,  excejit  in  the  case 
of  magnesia.  The  hydroxides,  such  as  caustic  lime,  baryta,  strontia, 
or  magnesia,  may  all  be  estimated  by  any  of  the  indicators,  using  the 
residual  method,  i.e.,  adding  a  knowu  excess  of  standard  acid,  boilii^ 
to  expel  any  trace  of  CO^  and  re-titrating  with  standard  alkali. 

The  carbonates  of  the  same  bases  may  of  course  also  be  estimated  in 
the  same  way,  bearing  in  mind,  that  when  methyl  orange  is  used,  the 
liquid  is  best  cooled  before  re-titration.  All  beating  may  be  avoided 
when  using  methyl  orange  in  titrating  mixtures  of  hydroxides  and 
carbonates,  or  tlic  latter  only,  unless  it  is  iniiwssible  in  dissolve  the 
substance  in  the  cold.     A  good  excess  of  acid  is  generally  sufficient. 

The  total  amount  of  base  in  mixture)  of  caustic  and  carbonated 
alkaline  eartlis  is  also  estimated  in  the  same  way. 

(1)  Estiniation  of  Mixed  Hydroxidea  and  Carbonatea.— 
This  may  be  done  either  by  phenacetolin  or  phenol phthaletn  as  indi- 
cator. The  former  has  been  recommended  by  Degener  and  Lunge : 
the  niethotl,  however,  requires  practice  in  order  to  mark  the  exact 
change  of  colour. 

MerHOD  OF  Pbocedube  :  Tlie  liquid  conlaiuing  the  compound  in  a  Gne  state 
of  division  is  tinted  with  the  iDdicater  so  a.1  to  be  of  a  faint  j^Uow ;  normal  acid 
is  then  cautiously  added  until  a  pennaneut  pink  occnn  (at  thie  stage  all  the 
hydroxide  ia  mtuntled),  more  acid  is  uon  cautiously  added  until  the  colour 
becomes  deep  yellow,  the  volume  of  acid  so  used  represcntH  the  carhonate. 

The  method  is  especially  adapted  to  mixtures  of  calcium  hydroxide  and 
carbonate.  It  is  also  applicable  to  barium,  but  not  to  magnesium,  oviag  to 
the  grait  insolubilitj  of  magnesium  hydroxide  iu  dilute  acid.  If  phenolph- 
thaleln  is  used  as  indicator,  the  method  is  as  follows : 

Heat  the  liquid  to  boiling,  and  ciutiously  add  normal  acid  until  the  red  colour 
is  just  discharged.  The  (arbonatea  of  ealoium  and  barium,  rendered  dense  by 
boiting,  are  both  quite  neutral  to  the  indicator.  To  obtain  the  whole  of  tbe  base, 
excess  of  normal  acid  is  used,  and  the  mixture  re-titrated  with  normal  alkali. 

M'agnesium  in  solution  as  bicarbonate  may  lie  aci'urately  estimated 
in  the  cold  with  methyl  orange  ns  indicator. 

(2)  Estimatioii  of  Calcium,  Barium,  Hagueslum  and  Stron- 
tinin  in  ITeutral  Soluble  Salta.— The  amount  of  base  in  the  chlorides 
and  nitrates  of  the  alkaline  earths  may  be  I'cadily  estimated  as  follows: — 

The  weighed  salt  is  dissolved  in  water,  cautiously  neutralized  if  acid  or  alkaliDe, 
phenolphthaleiu  added,  heated  lo  boiling,  and  normal  sodium  carbonate  delivered 
in  from  time  to  time  with  boiling  until  the  red  colour  is  permanent. 
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manner  to  the  oilier  carbonate j. 

(»)  Freoipitation  of  the  Alkaline  Earths  from  their  ]7eutral 
Salts  as  Carbonates. — Soluble  ^alta  of  calcium,  bnrium,  atid  strontium,  such 
iti  clUurides,  nitcntes,  etc.,  are  diii^wlved  in  iraler,  and  the  bafe  precipitated  as 
carbonate,  with  eiccen^  of  ammotiium  carbonate  and  mine  freeammoiiiA.  The 
liiiiitnre  ir  heated  to  alwut  60°  C.  for  a  few  minutes.  Tlie  precipilated  carbonate 
is  then  to  be  filtered,  well  wnahed  with  hnt  water  till  all  soluble  matters.  ei<pecial1y 
ammonia,  are  removed,  and  the  precipitate  with  filter  titmti'd  wilh  uomial  acid, 
as  a.ready  described. 

Jlngnewum  mits  cannot  be  estimated  in  this  way. 

(4)  Calcium  and  Magnesium  Carbonates  in  Waters.— The 
amount  of  calcium  or  calcium  and  maffueflium  carbonates  dissolved  hi  ordinary 
non-alkaline  waters  may  be  very  readily,  and  with  accuracy,  found  by  taking 
200  or  30J  c.r,  of  the  water,  healing  to  near  boilittff.  addinj,"-  phenacetolin  or 
lacmoid,  and  titrating  cantioualy  with  "/lo  *cid.  An  e<iually  accurate  rtwult 
may  be  obtained  by  melhyl  orange  in  (he  cold  liquid. 

(5)  Estimation  of  Calcium  and  Uagneaium  Sulphates, 
Chlorides,  N'itrates,  and  Carbonates  in  Waters  nnil  the  degree-^ 
of  bardness  obtained  without  the  use  of  Clark's  Standard  Soap 
Solution.  A.S  is  genefallj  known,  the  soap-tlestroj'ing  power  of 
n  water  ia  ascertained  in  Clark's  process  hy  a  standard  solution  of 
Noap  ill  weak  alcohol,  titrated  agaiiwt  a  atandard  Molntion  of  calcitini 
I'liloridt'.  The  valuation  in  in  so-called  degrees,  each  degree  being 
equal  to  1  grain  of  calcium  carbonate,  or  its  equivalent,  in  the  imperial 
gallon.  Tlie  protcsa  is  an  old  and  familiar  one,  but  ojieti  ti)  many 
"bjectiona  from  a  scientific  [wint  of  view.  The  scale  of  degrees  is 
arbitrary,  and  is  seriounly  interfered  with  by  the  pivsence  of  varying 
proportions  of  m^nesium  salts. 

We  are  indebted,  priniavily  toHohr,  and  subsequently  to  Hehner, 
for  an  ingenious  method  of  determining  luth  the  temporary  and 
jicnnanent  hardness  of  a  wattiT  without  the  use  of  soap  solution. 
■  The  standanl  sohitions  required  are  ^/^o  sodium  carbomite  ami 
"/so  sulphuric  acid.  Each  c.c.  of  standartl  acid  exactly  neutralizes 
1  iii.gm.  of  CaCOj,  and  each  c.c.  of  the  alkali  precipitates  the  like 
amount  of  CaCn.^  or  its  equivalent  in  magnesitim  salts,  in  any  given 
water. 

Mktqod  of  PBorRDi''Bic;  100  c.c.  of  the  water  arc  tinted  with  an  indicator 
of  snitable  character,  heated  to  near  boiling,  and  standard  acid  cautiously  added 
tmtil  the  proper  chauKe  of  colour  occurs.  Uehner  recommcuda  phenacetoUn; 
but  my  own  experimpnta  give  the  preference  tolactnoid,  which  is  also  commended 
by  Thomson.  Draper  (C.  If.  \l  206)  poiuta  out  the  value  of  lacmoid  and 
ftirminic  acid  for  such  a  process,  and  I  fully  endorse  his  opinion  with  re-^pect  to 
both  indicators. 

Another  indicator,  erytlirosin,  is  recommended  by  J.  W.  Ellms  (J.  Am. 
C.  S.  1899,  p.  8G91.  The  advantage  this  indicator  poa^ewies  ia  that  it  is  less 
affected  by  CO,,  tlie  titration  may  be  made  in  the  cold,  and  it  also  gives  more 
accurate  results  with  fairly  tnrbid  or  coloured  water  tluui  witli  the  indicators 
above  mentioned.  It  is  not,  however,  the  preparation  described  in  §  14.11,  but 
is  simply  a  sodium  salt  of  crythrosin  in  ordinary  use.  dissolved  in  distilled 
water  in  the  proportion  of  O'l  gm.  per  liter.  The  titration  is  made  in  a  260  c.c. 
stoppered  whue  bottle  thai  it  may  be  well  shaken  without  loss.     100  c.c  of  tin 
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nuter  together  with  2'5  c.c.  of  the  iadivator,  nud  5  c.c,  of  chloroform.  These 
Are  well  shakeu  mill  the  acid  added  in  Binall  quantities,  aud  well  Eli&ken  afl«r 
each  addition.  The  rose  colour  ot  the  water  toward  the  end  of  the  titration 
becomes  less  marked,  and  with  s  Tcry  sli^t  excess  of  acid  quite  colourless. 
The  chloroform  produces  a  milkj'  appearance  from  frequent  shaking,  but  this  is 
no  hindrance  to  the  end-poiat;  if  desired,  however,  it  will  settle  in  ashorttlute. 
A  piece  of  white  paper  behind  ilie  bottle  will  facilitate  the  detection  of  anj' 
trace  ot  colour  remaining  as  the  titration  approaches  the  end-poiut. 

If  the  most  accurate  results  are  desirni,  any  of  the  indicators  should  be 
submitted  to  a  blank  experiment  by  taking  a  measured  volume  of  it  with  100 
c.c.  of  distilled  water,  and  find  how  much  of  the  acid  is  required  to  remove  the 
colour;  tbe  quantity  of  acid  so  found  should  then  be  deducted  from  all  readings  ' 
before  converting  them  into  calcium  carbonate. 

Tlie  number  of  c.c.  of  acid  used  represeuti  the  number  of  Clark's  degrees 
of  temporary  hardness  per  HKI.OOJ.  'I'o  obtain  de^es  per  gallon,  multiply  tbe 
number  of  c.c.  by  07.  The  permanent  hardness  is  ascertained  by  taking  100 
c.c.  of  the  water  and  adding  to  it  a  rather  lar)|e  known  excess  of  the  standard 
sodium  carbonate.  The  quantity  must  of  course  be  reguhited  by  the  amount  of 
sulijliates,  chlorides,  or  nitrates  ot  calcium  and  magnenium  present  in  the 
water;  as  a  rule,  a  volume  equal  to  the  water  will  more  than  suffice.  Evaporate 
in  a  platinum  dish  to  dryness  (glass  or  porcelain  will  not  do,  as  they  lifect  the 
hardness),  then  extract  the  soluble  portion  «nth  small  quantities  ot  distilled 
water,  through  a  very  small  Alter,  and  titrate  the  tiltrate  with  the  standard 
acid  for  the  excessi  of  sodium  carbonate :  the  difference  represents  the  permanent 
hardness. 

Some  iraters  contain  ulkaliiit'  carlioiiatcs,  in  wiiicli  case  there  is  of 
course  no  pcrmaiicDt  lianlness,  Iiecaiise  the  ^ts  to  wliicli  this  is  due 
are  decoraiiOHed  hy  the  alkaline  CArboiiatc.  Ju  exaiuining  a  water  of 
tliis  kind,  tlie  temporary  hardness  will  I*  shown  to  be  greater  than  it 
really  is,  owing,  to  tlie  alkaline  carlionate ;  anil  the  estimation  for 
iwmiaiieiit  lianlness  will  eliiiw  more  widimii  carbonate  than  was 
actually  added.  If  the  (litference  so  found  is  deducted  from  the 
teni|K)raiy  liardueas,  as  first  noted,  the  remainder  will  lie  the  true 
teni|K)rary  liardnes,-<. 

AHHOniA. 
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§  19.  Thi8  iiiethoi]  allows  of  the  expulsion  of  ammonia  from  all 
il*  salts.  Caustic  soda,  iiotash,  or  lime,  may  any  of  them  be  used 
where  no  organic  tiitrogcnons  coni]>ound  exists  in  the  Hiiiwtance  ;  but 
should  such  l>e  the  case,  it  is  preferalile  tu  use  freshly  ignited 
magnesium  oxide. 

lliere  are  a  great  variety  of  ilistilHiig  vcs.sels  convenient  for  this 
liroceas. 

The  api>aratiiB  fibown  in  fig.  iS  is  a  ut^eful  one  for  determining 
Accurately  all  the  forma  ot  ammonia  which  can  be  displaced  by  soda, 
potash,  or  lime,  and  the  ga.*i  so  evolved  collected  in  a  known  volume 
in  escese  of  normal  acid,  the  exceiw  of  acid  being  afterwards  found 
by  ru^idual  titration  with  normal  alkali  or  ^/^  ammonia. 

Mollifications  of  this  a]i|>aratua  have  lieen  suggested,  such  an  the 
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introdiictiiin  of  a  conilenscr  betwoeii  the  two  flasks  to  cool  the 
(Ustillate ;  another  is  the  uac  of  a  (J  tube  containing  some  standard 
aciil  in  place  of  c,  !  luive  not  found  tliaC  any  of  these  modifications 
are  required  to  secure  accuiacy,  if  the  apparatus  is  tiglitly  fitted.  It 
is  necessary  tliat  a  ^ood-sized  Imlli  should  exist  in  the  distilling  tube, 
just  above  the  cork  of  the  distiiling  flask,  othe^^vise  the  spray  from 
tlie  hoiling  liquid  is  occasionally  piTijectcd  into  the  tulie,  and  is  blown 
uver  witli  the  condensed  steam.  Another  precaution  is  advisable 
where  dilute  liquids  are  boiled,  and  luiich  st^am  generated,  that  is,  to 
immerse  the  condenser  flask  in  cold  water. 


Method  of  Phocedubr:  Tlie  little  flask,  holding  nbout  20O  c.o.  niid  placed 
upon  the  wire  gauze,  oonlaiiis  llie  ammoiiiacal  gubstaucc.  Tlie  tube  d  is  fiWeA 
ivtth  Blrong  solution  of  caustic  polaah  or  soda.  The  lar^e  flask  holds  about  half 
a  liter,  and  contniiis  a  ineasureu  quantity  of  normal  acid,  part  lieing  coulalned 
ill  tlie  tube  c.  which  is  filled  with  glass  wool  or  broken  glasH,  and  through  which 
the  normal  acid  has  been  poured.  The  stoppers  of  the  flasks  should  be  caoutchouc, 
failing  which,  good  corks  soaked  in  melted  paraffin  may  be  used. 

The  substance  to  be  eiamined  la  weighed  or  measured,  and  put  into  the 
dbtilling  fla^k  with  a  little  water,  the  appamtus  Iheu  being  made  tiRht  at  every 
part;  some  o[  the  (auatic  alkali  is  allowed  to  flow  in  hi'  opening  the  dip,  and 
the  gas  or  spirit  lamp  is  lighted  under  it. 
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The  conteDte  are  brought  to  gentle  boiling,  Ukiuf;  care  that  the  froth,  it  an;-, 
does  not  enter  the  distilling  tube.  It  is  well  to  use  a  morable  gas  burner  or 
common  spirit  lamp  held  under  the  lUsk  in  the  hand :  in  ca:<e  there  is  any 
tendency  to  boil  over,  the  heat  can  be  removed  iinmediately.  and  the  Bask  blown 
upon  by  the  breath,  vhich  reduces  the  pressure  in  a  moment.  In  examining 
giuno  and  other  substances  containing  ammoniacal  i«lts  and  organic  matter  by 
this  means,  the  tendency  to  frothing  is  considerable ;  and  unless  the  above 
precautions  are  taken,  the  accuracy  of  the  results  will  be  interferod  with. 
A  small  piece  of  bee's  wax  or  solid  psraffiii  is  very  terviceable  in  allaying 
the  froth. 

"Hie  diBtilling  tube  has  both  ends  cut  obliquely;  and  the  lower  end  nearlv, 
but  not  quite,  reaches  to  the  surface  of  the  ncid  to  which  a  lillle  methyl  orange 
may  be  added.  The  quantity  of  normal  acid  used  must,  of  course,  be  more  than 
sufficient  to  combine  with  the  ammonia  produced:  the  excess  is  aft«rwards 
asoerluned  by  titration  with  normal  alkali  or  ^/b  ammonia. 

It  ie  adTlsable  to  continue  the  boiling  for  say  ten  or  fifteen  minute<>,  waiting 
a  minute  or  two  to  allow  all  the  ammonia  to  be  absorbed ;  then  opening  the  tap 
or  clip,  blow  through  the  pipette  so  as  t»  force  all  the  remaining  gas  into  the 
acid  Sask.  The  tube  c  must  be  tharou|{hly  washed  out  into  the  flask  nitli 
distilled  water,  so  as  to  carry  down  the  acid  with  any  combined  gas  which  may 
have  reached  it.  The  titration  then  proceeds  as  usual.  Each  c.c.  of  ^/i  acid 
neutrnlixed  by  the  ammonia  — D'017  gm.  of  NHj. 


Fig.  29. 

A  more  eouiiiaet  motleni  form  (if  ajujaratiis  i»  shown  iii  fig.  29. 

An  ingeuions  and  useful  ilistillatioii  tube  fur  ra|iiil  NH^  estimation 
is  shown  in  fig.  30,  designed  by  Hopkins  {J.  Am.  V.  S.,  1896, 
|i.  227).  The  tube  shown  in  the  figure  is  made  from  tubing  about 
7  to  8  ni.ra.  internal  diameter,  Tlieside  ojwnings  Aand  A,  should  be 
nettrl3-  as  large,  aiid  the  btdl>  about  5  cm.  in  diameter.  The  lengtJi 
of  tlie  tube  below  the  bulb  iti  12  c.m.,  aud  that  above  the  bulb  about 
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the  sauK'.  Tliv  ji^tH  U  and  C,  un;  2  iii.Tii.  iusiilu  iliaiiiotiT.  lu  use, 
tliP  tiilip  is  imnlied  through  tlie  cork  of  the  iliBtillitig  flask  until  the 
fliwiiiog  Af  is  Ijflow  the  cork ;  the  vapour  tlieu  ]»asses  through  the 
side  oiwniiigs,  and  whatever  coudeiwea  in  the  tulte  Iwlow  the  !)eud  B 
niufl  l>ack  into  th«  flaak  tlirougli  tlie  jfts  C  and  C,,  which  ahvnva 
remain  filled  witli  liqiiiil. 

2.    Indirect  Method. 

Ill  the  cafie  of  tolerably  jjure  ainuioiiiacul  salts  or  liquids,  free  from 
acid,  or  in  which  the  free  acid  is  previously  erttiraatol,  a  simple 
indirect  iiicthod  cnn  Iw  used,  as  follnwn  :■ — 

If  the  ninmouiacnl  mlt  be  boiltd  in  an  open  veatel  wilh  normal  csUBtiv  alkali 
tlie  animonia  i»  entirel.T  set  free,  leaving  i1»  auiil  lumbined  with  Ihe  lixed  alkali. 
If,  therefore,  the  qmniilv  ot  alkaline  solulion  is  knnvru,  the  ajuess  beyond  that, 
iie,';es<srv  tu  aiipplaiit  Ihe  annnonis,  may  be  found  by  titration  nith  normal  acid. 
The  boiling  ot  the  mixture  mii-tt  be  continued  till  a  piece  of  red  litums  paper, 
IigM  iu  the  steam  from  the  Baik,  is  no  longer  Inrned  hlue. 

8.     Teohoioal  Aaalysis  of  Ammomaoal  Gas  Iiiqttor, 

Sulphate  of  Ammonia,  Sal   Ammoniac,  etc.,  arranged  for 

the  use  of  Manufacturers. 

TliiM  iiroce.sM  tleiNtixIs  ujiou  the  fact,  thnt  when  aniuKniiaciil  .saltK  are 
Ixiilcd  with  caiiHtic  imila,  patai<h,  or  lime,  the  whole  of  the  ammonia  is 
■exi>elleil  in  a  free  state,  and  iiin.v  by  a  suitable  ajtparatus  (fign.  2-S  or 
29)  be  estunnte<l  with  cxtrciue  aeciiracy  (see  g  19,1). 

Tl       uiti  1  le  a|  p"™''      '     1     vi   '    lign,  2'S  nr  29. 

Technical  Analysis  of  Gas  Liquor. — This  liipiid  eonwist:*  of 

a    ol  t  on  of    arl      at  •<,      jjliat       1  viMiHu]]diitea,  sulphides,  sitlplio- 

c  and  s   a    I  otl       Kah      fa  a      The  obji'ct  of  the  ammnnia 

fact  r  r    a  t     get  all  ll  t  of  his  liipior  into  the  form  of 

111  ate  or  ell  1  a.  eco  o  all  as  poiwible.  The  whole  of  the 
a  oaeBtt,a.fe  rat  ten  the  liquoi',  can  he  dintilled  off 
at  stiau  1  at  tl  fix  )  salt  I  ever,  require  to  Iw  heated  witli 
sola  jwta.1    a    1     e  (tl  e  1  tt  lerally  usi.il  ou  a  large  scale  as 

t  utalsnt  vtlaa  Iditiou  of  caustic  soda  towards 

the  end  of  the  distillation),  m  onler  to  Ithemti-  the  animouia  eoutaiued 
iu  them. 

The  apiiaifttus  here  described  is  the  .same  on  a  small  scale  as  is 
necessary  in  the  actual  manufacture  of  sulpliate  of  ammonia  iu  quan- 
tities ;  and  its  use  enables  any  manufiictiirer  to  tell  to  a  fraction  how 
much  sulphate  of  ammonia  he  otigUt  to  obtain  from  any  given  quantity 
of  gas  liquor.  It  also  e.nables  hiin  to  tell  exactly  how  much  ammonia 
■can  l)e  distilled  off  with  heat  alone,  and  how  much  exists  in  a  fixed 
■coiirtitiou  requiring  lime  or  caustic  soila. 

The  mea.sures  used  in  this  process  are  on  the  luetrieal  system  ;  the 
use  of  these  may,  perhaps,  at  first  sight  apjiear  strange  to  English 
manufacturers ;  but  as  the  only  object  of  the  process  is  to  obtain  the 
l>Brcentage  of  ammonia  iu  any  given  sulwtance,  it  is  a  matter  of  no 
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inipoTtance  wliiciLflydtein  of  lui^aaurM  or  win^itx  is  uroiI,  as  uhtn 
*jnce  the  peiveiitagc  is  olitaincd,  tlie  tablpn  will  at  oncp  «I»ow  the  result 
ill  English  ttriiiH  "f  wcifjlit  nr  iiu-asnre. 

Method  of  PuocEDrBii:  10  c.c  measured  by  »  pipette  ia  tbe.  iuTariable 
<|iuntify  ot  liquor  u-ed  for  the  analysis,  whatever  the  Blreiiglh  of  the  liquor 
may  be.  Thin  TneaBure  is  Irensrerred,  without  tipillinK  &  drop,  to  the  distiltinn 
flasK — ^Ihe  Htting!>  being  previoiisly  removed — Ibe  tube  d,  flg.  28,  is  then  (lUed 
by  suction,  with  strong  caustic  »oda  solutiou  from  a  dean  cup  or  other  vessel,  in 
order  to  do  which,  the  clip  or  tap  at  the  ton  must  he  o}>ened :  the  cork  iii  theu 
replaced,  and  tiio  flank  ia  then  securely  iuibedded  iu  perfectly  dry  saud,  in 
li  sand-bath.  20,  30.  40,  or  60  c.c.  of  standard  acid  (according  to  the  enlimated 
strength  of  the  liquor)  allowed  to  flow  into  the  receiving  tln^k,  through  the 
tube  c,  fig.  28,  irtiioh  is  filled  wiih  broken  glass  placM  on  a  U^'or  of  glam  wool 
or  fibrous  asbestos.  The  broken  glass  should  he  completely  wetted  with  (he 
acid,  so  that  any  vapours  of  ammonia  which  nui/  escape  tlie  a4:id  iu  the  Sank 
shall  become  absorbed  by  the  acid.  The  quantity  of  standard  acid  to  be  used  is 
regulated  by  the  approximately  known  strength  of  the  liquor,  wliicb  of  course 
«>n  be  told  by  Twaddle's  hydrometer:  thus  fora  liqnor  of  3°Twaddle  — 
<J-oz.  liquor,  20  c.c. — 8-ok.,  2'i  c.c.  — lO-o*.,  30  c.c.  of  acid  will  be  sufficient  —but 
there  tuivt  nlwa>'s  be  an  excess.  The  required  quantity  can  always  be  approx- 
imately known,  since  evei?  10  c.c.  ot  acid  represents  1  per  cent,  of  ammonia. 
'ilie  standard  acid  having  been  carefully  pasivd  through  r,  flg.  2H,  tbe  appamtu<i 
is  filled  together  bj  the  elastiu  tube  and  the  india-rubber  stoppers  securely' 
inieried  in  both  flasks;  this  being  done,  the  lamp  is  lighted  under  the  sand-bath, 
«nd  at  the  same  time  the  spring-clip  or  tap  on  d,  tig,  US,  in  opened,  so  as  to  allow 
about  two-thirds  of  tli;  cnustic  sodi  t«  flow  into  the  dislilUag  flask ;  the  rest 
will  gradually  empty  .Itself  during  the  boiling. "  The  heat  is  continued  to 
boiling,  apd  allowed  to  go  on  till  tlie  greater  bulk  of  the  liquid  is  boiled  away 
into  the  receiving  flask.  A  quarter  of  an  hour  in  generally  sufficient  for  this 
purpose,  but  if  the  boiling  is  continued  till  the  liquid  just  covers  IJie  bottom  et 
the  flask,  all  the  auinwnia  will  have  gone  over ;  during  the  whole  operation  the 
distilling  tube  must  never  dip  into  the  acid  iu  tbe  receiving  Qask.  In  order  to 
^t  rid  of  the  last  traces  of  ammonia  vapour  out  of  the  boiling  fla-'k  the  lamp 
IS  removed,  and  the  month  Iwiug  applied  to  the  tube  over  the  clip  or  lap,  the 
Utter  is  opened,  and  a  gooil  hUM  of  air  immediately  blown  throuj^h.  The 
apparatus  may  then  bo  delaclied ;  distilled  or  good  boiled  drinking  water  is  then 
poured  rcpeat^ly  Ihrough  tbe  ^ubes  in  sniaU  quantities,  till  all  traces  of  acid 
are  removed  into  tbe  receiving  flask.  This  latter  now  contains  all  the  ammonia 
out  of  the  sample  of  liquor;  withan  excess  of  acid,andit  Is  necessary  now  to  fiud 
«ut  the  quantity  of  acid  in  excess.  This  is  done  by  meana  of  filling  a  burette 
irith  standard  solution  of  caustic  soda,  which  soda  is  of  exactly  the  same 
strength  as  the  standard  acid.  In  order  to  find  how  much  of  the  standard  acid 
ha.<t  been  neutiAlised  by  the  Ammonia  in  the  liquor  distilled,  the  burette  filled 
with  standard  soda,  and  one  drop  of  meth^-1  orange,  or  a  sufficiency  of  any  other  , 
indic«tor  (other  than  phenol  phthalein)  berag  added  to  the  cooled  contents  of  the 
receiving  flask,  (he  sod.i  is  slowly  dropped  into  it  from  the  burette,  with  constant 
shaking,  until  the  indicator  clianges  colour.  Tbe  number  of  c.c.  of  soda  so 
ii«d,  deducted  from  the  number  of  c.c  ot  standard  acid  used,  will  show  the 
number  neatraliied  by  llie  ammonia  in  the  liquor  distilled;  therefore,  if  the 
nnmber  of  c.c.  of  soda  used  to  destroy  the  colour  be  deducted  from  (he  number 
of  c.c.  of  standard  acid  origiually  used,  it  will  show  the  number  of  c.c  of 
standard  acid  neutralized  by  the  ammonia,  which  has  been  di<tille  1  out  of  the 
liquor,  and  tlie  strength  of  the  solutions  is  so  arranged  that  this  is  shown 
without  any  calculation. 

ExAUPLE:  Suppose  tliat  a  liquor  is  to  be  examined  which  marks  5°  Twaddle, 
equal  to  10-oz.  liquor;  10  c.c.  of  it  are  distilled  into  30  c.c.  ot  tbe  standard  acid, 
and  it  has  afterwards  required  6  c.c.  of  standard  soda  to  neutralize  it ;  this 
letiTes  2-t  c.c  ao  the  volume  of  acid  saturated  by  the  distilled  ai  '     ..j-i-:- 
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representti  2'-!  per  rent. ;  and  an  referring  to  the  table  it  it  found  th&t  thi» 
number  oarresponds  to  a  trifle  more  thfui  II  uunoes,  the  actual  fl({urea  bring 
2'384  per  oant.  for  11  ounce  strength. 

The  strength  of  the  standard  sodn  and  acid  solutions  is  so  arrangetl, 
that  when  10  c.c.  of  liquor  are  distilled,  every  10  r.c.  of  acid  solution 
I't'preaents  1  per  cent,  of  ammonia  in  the  liquor.  In  like  manner  13 
v.c.  of  acid  will  represent  13  per  cent,  of  ammonia  corresponding  to 
6-oinicn  liquor. 

The  burette  is  divided  into  tenths  of  a  cubic  centimeter,  and  those 
who  are  familiar  with  decimal  calculations  can  work  out  the  results  to 
the  utmost  iKiint  of  accuTacy  ;  the  calculation  being,  that  every  1  per 
cent,  of  ammonia  requires  461  ounces  of  concentrated  oil  of  vitriol 
(sp.  gr.  1'84&)  per  gallon,  to  convert  it  into  sulphate  :  thus,  supposo 
that  10  c.c.  of  any  given  liquor  have  been  distilled,  and  tlie  quantity 
fif  acid  required  amounts  to  18'6  c.c,  tliis  is  1'86  per  cent,  and  the 
ounce  strength  is  shown  in  ounces  and  decimal  [»rts  as  follows  ; — ■ 
4-61 
1-86 


The  litiuor  is  therefore  a  trifle  over  8J-ounce  strength. 

Spent  Liquors.  -It  is  frequently  neeetiaary  to  ascertain  the  per- 
centafic  of  ammonia  in  K()eiit  liquoi's,  to  see  if  the  workmen  Iwvc 
I'xtractcil  all  the  available  ammonia.  In  this  case  the  same  measure, 
10  c.c.  of  the  s|ient  liquor,  is  taken,  and  the  o[)eration  conducted 
pri'cisely  as  in  the  case  of  a  gaa  liqiior. 

KsAMFLE ;  10  C.C.  of  a  dpent  liquor  were  distilled,  and  found  to  neutralize 
H  c.c.  of  acid :  this  represients  three-tentiui  of  a  pcr^cent.  equal  to  1-oz.  and  four- 
tcntliH  of  an  ounce,  or  nearly  li  ox.  Such  a  liquor  is  ton  valuable  to  throw 
nivay,  and  nhould  be  worked  longer  to  e.ttnict  more  ammonia. 
Mktiiod  of  Pbockdvri!  Tt>ii  Si'tPUATK  DP  AuuoNi*  (iH  Sal  Auhoniac  : 
,  An  avi'nifK  wimple  of  the  rait  bcint;  drawn,  ten  gman  are  neiKhed,  transferred 
without  loss  to  a  lUi)  i-.i^  flask,  distilled  or  bailed  drinkiii);  water  poured  on  it, 
and  well  stirred  till  dissolved,  and  finally  water  added  einctly  to  the  mark.  The 
10  C.C.  mcanire  is  then  filled  with  the'  solution,  and  emptied  into  Ibe  distilling 
flask :  30  c.c.  of  standard  acid  are  put  into  the  rereivitiK  flask  and  (he  distillation 
carried  on  precisely  m  in  the  ca,«e  of  the  Ran  liquor  The  number  of  c.c.  of 
standard  acid  reiiuired  ahow.i  directly  the  percentage  of  amniouia ;  thus  if  24'0 
c.c.  are  used  in  the  case  ot  sniphato,  it  contains  21'6  per  cent,  of  ammonia. 

Tlie  li<|uorii  when  tested  must  W  measured  at  ordinary  tempera- 
tures, say  OS  near  to  60°  F.  as  [Kissible-.  The  standanl  solutions  must 
be  kept  closely  stoppeml  and  in  a  cool  place. 

The  following  table  is  given  to  avoid  calculations ;  of  course,  it 
will  be  understoiKl  tluit  the  figures  given  are  on  the  assumption  that 
the  whole  of  the  ammonia  contained  in  the  licpior  is  extractcyl  in  the 
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lusnufocture  as  closely  as  it  is  in  the  cxperimeut.     With  the  most 

jierfect  arrangement  of  plant,  however,  this  does  not  as  a  rule  take 
place  ;  but  it  ought  to  he  very  near  the  mark  with  ]>roper  apparatus, 
and  care  on  the  part  of  workmen. 


Wdrht  at  Sulphucic  Acid  Id  ptnuida 

Tieldot 

Bnlph.1. 
perg-ltooiti 

ApproxL- 

meMUIflof 

i^ 

■tr«vtli 

Btandaid 

Addincc. 

e^tou. 

C.  0.  T. 

B.  O.  T. 

Chunber 

12U°Tw. 

d«;iiiiiii 

■udtenthB. 

Ul=  Tit. 

■0841 

2-2 

'2168 

-0626 

■0781 

■0893 

43 

■4336 

1260 

-1562 

■1786 

'1082 

6-5 

■6504 

1876 

■2343 

■m^ 

■2523 

67 

-8H72 

2500 

-3124 

■3572 

'3361 

101 

10841 

3125 

■39U6 

-4166 

■4205 

.    13-0 

1-3000 

3760 

■4686 

-6358 

-5016 

16-2 

1-6176 

4376 

■5467 

-6-'5l 

■5887 

17-3 

17344 

60U0 

-6248 

7144 

■9728 

19-5 

19612 

6625 

7029 

■8037 

■7569 

217 

2-16S0 

6250 

7810 

■8410 

23-8 

2-3840 

6S75 

'8691 

'gu23 

'9251 

26-0 

2-6016 

7600 

■9372 

10716 

10092 

28-2 

2-8184 

8125 

1  0153 

1-1609 

10933 

30-4 

3-0350 

■B75'J 

10934 

1-2502 

11774 

32-5 

32520 

■9375 

1-1715 

1-3395 

1-261S 

34-7 

3-4688 

1-OojO 

12406 

14288 

1-3456 

36-9 

3-6866 

1-0626 

1'3277 

1-5181 

1-4297 

89-0 

3-9021 

1-1260 

14058 

18074 

1-5188 

41-2 

41192 

1-1875 

1-4839 

16967 

1-5979 

43-3 

4-3300 

20 

1-2600 

1-6620 

17860 

1-6820 

The  weight  of  sulphuric  acid  being  given  in  decimals  renders  it  very 
easy  to  arrive  at  the  weiglit  necessary  for  every  thousand  gallons  of 
liquor,  by  simply  moving  the  decimal  point ;  thus  8-oz.  liquor  would 
require  500  lbs.  of  concentrated  oil  of  vitriol,  625  lbs.  of  brown  oil  of 
vitriol,  or  714J  lbs.  chamber  acid  for  every  1000  gallons,  and  should 
yield  in  all  cases  672-8  (say  673)  lbs.  of  sulphate. 


4.    TfirioiiB  Compoundfl  eziBting  in  Ammonisoal  O&s  lilquors. 

The  Chief  Inspector  under  the  Alkali  Works  Eegulation  Acts  issues 
annual  reporte  which  for  some  years  past  have  contained  tlic  results  of 
investigations  on  ammoniacal  liquors  from  various  sources  conducted 
in  his  labomtory.  The  Chief  Inspector  and  his  Laboratory  Assistant, 
£.  Linder,  have  drawn  up  a  condensed  record  of  the  analyses  of 
various  compounds  existing  in  gas  liquor,  and  have  allotted  me  to 
use  them. 

1.  The  free  and  fixed  ammonia  luu  alr«ad;  been  de&lt  with,  as  pnctically  (he 
■ame  method  of  analysis  as  is  there  described  ia  adopted. 

2.  Carbonic  Art".-  10  CO,  of  liquor  are  diluted  to  400  c.c,  10  c.c.  of  am- 
sumiscal  calcium  chloride  (1  c.c.'^'(44  grams  CO^)  added,  and  Uie  wbolebeated 
in  itoppued  bottle  for  It  to  2  hours  in  a  water  bath  at  10u°  C.    Cool  somewhat 
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filter,  n-Rsh  by  deniiitatiou)  ftith  boiling  nater,  and  dissolve  ihe  calcium  atrbounle- 
in  25  to  50  o.c.  ^lu  HC(  ;^*itli  added  cold  water  to  prevent  loss  at  acid.  Tlie 
?mall  amount  of  calcium '  rarbonate  on  the  fitter  paper  is  bext  retovered  by 
incineration.  CskulntiOn*';  CO^  grams  r^''  'W)  c.c.  of  liqiior  =  -011  x  lOnc.c. 
__  CO-  irramp. 

N/a  seid-    H.E.  ("Hydrogeu  Equivalent  ")  =  — ^|g- 

3.  Ci/oridr.— 10  c.c.  of  boiled  liquor  (for  coiiveliience  250  e.c.  are  boiled,  to 
expel  Bulpliide,  tec.,  cooled  and  made  itp  to  260  c.c.  for  eslimation  uf  chloride, 
sutphocyanide,  ferrocjaiiide.  4e.)  are  diluted  to  150  c.c.,  20  c.c.  of  bjdrota'" 
peroxide  (10  vols,  free  from  chloride)  added,  and  tlie  iwlution  boiled  lUltil  the 
brovm  colour  lias  almo-'t  eiilirelj*  disappeared,  10-15  droia  of  potassium  diromate 
solution  are  then  added  to  destroy  the  excess  of  peroxide  and  to  aid  in  removal  of 
organic  matter,  and  the  lioiUng  continued  for  6  iniimtes.  Filter,  if  nfcessary. 
From  traces  of  gteen  chromium  hydrate,  oool,  neutralise  by  addilion  of  a. pinch  of 
sodium  bicarbonate  and  titrate  with  ^/lo  A^NOj.  CiJculatinn  :  HCl  gnms 
per  100  c.c.  =  -003'  4  x  10  x  cc,  W/io  AgNOj. 

4.  Sa/pAur.  (a)  As  sulphate.  260  c.c.  of  the  liquor  are  concentrated  to 
about  10  c.e.  on  the  n'ater  hath,  2  c.c.  of  strong  hjdnx'hloric  ncid  added,  and  the 
evaporation  continued  to  dryiieiw  to  decompose  thioeulpltate  and  ren<ler  or)^nic 
matter  less  soluble  in  water.  The  residue  is  extracted  with  water,  and  the  filtered 
sohiliion  made  up  to  250  cc,  'Ihe  sulphate  is  determined  by  precipitating  ICO 
cc.  of  this  solution  with  barium  ohlmde,  allowing  the  precipitate  one  night  to 
settle.  The  amount  of  oxidation  undergone  by  the  thiosulphate  under  these 
conditions  is  insignificant.  Calculation  :  Sulphur,  as  sulphate,  grams  i>er  100 
c.c,  =  01873xBaSO,. 

(6)  As  sniphooyanide.  To  50  cc,  of  the  boiled  solution  (see  "chloride" 
above)  add  ferric  chloride  in  amount  slightly  in  excess  of  that  required  to 
complete  the  precipitation  of  the  ferrocyanide*  as  Prussian  blue,  filter  (the 
solution  may  be  warmed  to  promote  separation  of  the  blue  in  the  flocculent 
condition  essential  for  ni]iid  Bltration),  cool,  add  sulphurous  acid  in  sufiicient 
excess  followed  by  coi'iier  sulphate,  and  set  aside  in  stoppered  flask  for  1  to  2 
houiH  in  the  cold  to  deposit  the  cuprous  mlt.  filler  cold,  wash  thoroughlv  with 
hot  n'ftter.  using  a  Utile  sodium  sulphate  in  the  wash  water  if  the  precipitate 
shows  a  tendency  to  pass  through  the  filter  itaper.  The  final  washing  must 
remain  colourless  on  addition  of  a  trace  of  ammonium  sulphide.  Wash  tlie 
cuprous  sulphor^pnide,  which  should  be  white,  Isick  into  the  Batk,  the  last  traceu 
being  removed  from  the  paper  by  warming  on  a  clock  glass  with  dilute  nitric 
acid  (1  :  3).  add  I  c.c,  to  2  c.c,  of  strong  nitric  acid  and  boil  the  solution  mitil 
green  (in  presence  of  much  organic  matter  evajxiration  to  dryness  and  gentle 
ignition  foUowed  by  further  treatment  with  nitric  acid  is  sometimes  required  to 
complete  the  oxidation  of  the  copper).  Cool  tlio  oxidized  liquid,  add  slight  excess 
of  sodium  cnrbonate,  acidify  with  acetic  acid,  add  potassium  iodide,  dilute  and 
titrate  the  liberated  iodine  with  "/lo  thiosulphate,  using  starch  indicator.  This 
method  is  fully  discussed  in  Annual  Beport,  lt)C'2,  pp.  71-74.  Calculation: 
Sulphur,  as  BUlphocyanide.  grams  per  100  c,c,  =  2x  ■0032  k  c.c.  "/m  lhiosuI()hale. 
(r)  As  sulphide,  sulphite,  and  thiosulphate,  (i.)  10  cc  of  liquor  are  diluted 
to  500  c.c.acidiSed  with  hydrochloric  acid  and  titrated  with  "/lo  iodine.  Starch 
indicator.  The  volume  of  '^/lo  iodine  required  determines  that  of  the  liquor 
taken  for  (ii.).  (ii.)  10  cc  of  liquor  or  more  is  added  lo  excess  of  ammoniacal 
zinc  clitoride  solution  diluted  to  about  80  c.c  with  warm  water,  filtered,  aitd 
thoroughly  washed  with  warm  water  (about  40-  6U°  C).  (iii.)  Sulphide.  The 
zinc  sulphide  on  the  filter  is  washed  into  excess  of  ^/lo  iodine  acidified  with 
hydrochloric  acid  (the  last  traces  of  sulphide  being  wa.«hed  through  with  cold 
dilute  acid),  after  vigorous  agitation  to  ecntplele  the  solution  of  the  zinc  sulphide, 
water  is  added  and  the  excess  iodine  determined  with  "/lo  thiosulphate.  Sulphur, 
8  snlpiiitle,  grams  )«r  100  c.c.  =  10x  OOlfixcc  "^/lo  iodine  (iv.)  Sulphite 
Theci ■    ■  ■       ■        


and  thiosulphate.     the  concliLsion  is  reached  that  no  'xart  estimation  of  sulphite 

*  Ab  ferroojuiid«  luui  oiiI>'  been  debctcd  in  ni  liqnon  aiuklytad  hen  on  7ezj  ibto 
UB,  odditloi)  of  («TTJC  chlond«  is  geoosllj  found  ^o  be  uuDecenbr^,  and  is  omttUd. 
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and  thiosulplute  ib  pooeible  in  ainmaniacal  liquors  hy  uiy  methud  based  on 
titntioD  with  ™/io  iodine,  except  in  quite  eiceptional  casa.  A  united  figure 
for  tbeae  two  ooiuliluenta  oui  be  renclied  by  diilereiice—  subtracling  from  the 
total  aulphnr  toiuid  by  bromine  nxidatioii  the  sum  of  the  iwlphur  preseut  as 
sulphate,  sulphocyaiiidi',  and  sulphide.  The  question  is  discussed  in  Annual 
Report,  1002,  pp.  73-75,  and  in  1903  Report,  where  Uie  ideiitificntion  of  sulphite 
and  its  approiimate  estimation  by  means  oF  {Mlyxulphide  ia  fully  considered. 

(rf)  Total  iiulpbur.  60  c.r.  (lOOc.e.oI  weaker  liquors)  of  liquor  are  delivered 
drop  by  drop  from  a  burette  into  a  Bask  «>ntainin^'  excess  of  bromine  (free  from 
Milpbur)  covered  by  water  strongly  acidulated  with  h3-drai-hbrii:  acid,  the  oxid^zi  d 
solution  is  evaporated  to  dryness  on  the  water  bath,  the  residue  repeatedly  eitracttsd 
nith  boilinj;  water,  filtered,  pooled,  made  up  to  250  CO,  and  100  c.c.  precipitated 
with  barium  chloride.  Sulphur  granui  per  100  cc^Bn  "ISTS  i  BaSO,.  In  the 
ca.ie  of  some  liquom,  r./r.,  coke  oven  and  blast  furnace  liquors,  oxidation  with 
bromine  is  often  found  to  yield  a  heavy  yellow  precipitate  of  bromiiiated  phenols ; 
this  may  retain  traces  of  8ul]ihur  in  amount  sufficient  to  affect  the  peroeutaj^ 
distribution  sulphur  fibres  unlese  it  is  recovered  by  fusion  with  polamium 
carbonate  and  nitrate,  and  included  in  the  total.  The  correction  of  llie  bromine 
oxidation  method  finds  oonflrmation  on  p.  tJ2. 

(«)  Sulphur  as  poij-sulphide.  The  conclusion  is  reached  that  the  methods  of 
analvna  elaborated  so  far  a^rd  no  certain  evidence  of  the  eiL-)lence  of  poly- 
sulpnide  in  ammoniacal  liquors ;  indeed,  the  known  reaction  of  this  body  with 
sulphite  fa)  form  thiosulphato,  and  with  cyanide  to  form  aulphocyanide,  nppenr  to- 
est-Uide  the  i>i»iili;tity  nf  its  «-ciirren^  in  ordinary'  nmiiioniacfll  liijuors. 

Estimation  of  Stilphite  in  Ammoniacal  Iilquors, 


The  difficulties  attending  an  exact  entinialion  of  Eiulphile  in  such  liquors  liave 
been  fully  rehesraed  in  former  Beporls  {e.g.,  1900,  p.  30).  During  the  present 
year  (1903)  attention  his  been  aj^ain  directed  te  this  subject  in  the  hope  of 
elaborating  a  reliable  method  for  detecting  and  pftimatin);  Ilii^  iin]iortant  con- 
stituent.   Three  methods  were  tried  ;  — 

(1)  IlifTerentiation  of  But]>hite  and  thiosulphate  by  oxidation  with  a  current 
of  air.'  The  i>rocedure  followed  conusted  in  aspirating  a  mpid  current  of  nir 
through  the  solution  for  seven]  Iwuis.  By  this  means  it  was  hoped  that  the 
sulphite  would  alone  be  oxidized,  and  that  the  iodine  values  nf  the  solution  before 
and  after  such  treatment  would  slTord  the  necesrary  data  for  cnlculating  the 
amount  of  each  of  the  constituents  present.  Preliminary  experiment  showed 
that  the  Ihiosiilpliale  itself  suffered  no  appreciable  oxidation  either  in  neutral  or 
alkaline  solution  wlieci  submitted  to  the  action  of  a  rapid  current  of  air  for  two 
hours.  Sulphite,  however,  proved  to  be  oxidized  too  slowly  under  tlie^e  coiiditions, 
even  when  the  temperature  ef  Ihe  solution  wa«  maintainwl  at  do''-W  C  to  afford 
any  hope  that  the  method  coiild  be  successfully  applied, 

(2)  Precipitation  of  the  sulphite  by  haryla  water.  The  procedure  consisted 
in  adding  to  tiie  liquor  a  decided  excess  of  clear  saturated  solution  of  barj|la, 
followed  by  excess  of  ammoniacal  nine  chloride  to  remove  sulphide,  the  solution 
was  then  filtered,  and  the  barium  thiosulphate  determined  by  titration  with  '^lio 
iodine  after  acidifying  with  hydrochloric  acid.  Results  proved  disappointing,  the 
barium  sulphite  not  being  sufficiently  insoluble  under  the  conditions  named  to 
enable  (he  desired  separation  to  be  quantitatively  effected.  Thus  in  one  experi- 
ment sulphide,  sulphite,  and  thiosulphate  ivere  mixed  in  the  following  proportions, 
organic  matter  ahi^nt;  - 

Sulphur  per  60  c,c.  of  solution. 
C«lcn]at«d.  Fonnd. 

ByBiehBrrtson  4  AykrorcfaMsthod  Modified,  j  76,*. 
As  sulphide        "OIKO  grams  ...  -0176  graiiis, 

„   sulphite        -0029      , -0029      ., 

„   thiosulphat*  0064      „      -0007      .. 

Thiosulphate  fotmd  by  baryta  method        '0115      „ 
<8)     Polysulphide  method.     It  is  a  well  wtablished  fact  (see  Annual  Report, 
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1900,  p.  34)  tbnt  solutioag  at  Kmmoniuiu  pol;Bulphiiie  and  ammonium  uilphite 
react  lo  form  ammonium  Bulpliide  and  ammonium  tiiiueulphate,  e^.,  (NH<)jSi 
+  (NH0sSOj  =  (NH,)^  +  (NH,)iS,Oj.  As  a  result  of  this  reaction  tlio 
iodine  value  of  the  solution  is  decreiaed  bj  l  c.c.  ^Iia  iodine  for  every  ■0082 
!^m  of  sulphur  aa  sulpUite  decomposed,  the  iodine  value  of  the  thiosiilpluite 
produced  being  Inlf  that  of  the  sulphite  reduced.  The  amount  of  this  decrease 
affords  a  means,  therefore,  of  caleulating  the  sulphite  prenent.  The  procedure 
adopted  is  as  foUoira : — (a)  Total  iodine  value  of  Bolutien  ja  determined  hy 
titrating  10  c.c  of  diluted  and  acidified  liquor  with  */io  iodine,  "'/lo  iodine 
equivalent  of  HjS  +  H,SO,  +  H5SsOj=-A  c.c.  (6)  Iodine  equivalent  of  sulphide 
is  determined  by  ammoniacal  zinc  chloride  method  described  above. 


(c)  lodiite  equivalent  of  halt  the  sulphite  -i-  the  tliiosulphate  m  determined  by 
adding  10  c.c.  of  liquor  to  10  c.c.  or  more  of  diluted  poljsulphide  liquor  (prepared 
hjdigcHting  at  rDOgaDimonium  sulphide  solution  with  powdered  siilphur.decButing: 
3  c.c.  of  this  solution,  freshly  diluted  to  100  c  c,  pves  the  dilute  solution  used  for 
analysis),  after  standing  6  to  10  minutes  in  the  cold,  the  clear  yellow  liquor  is 
precipitated  by  excels  of  ammoniacal  ziuc  chloride  and  Qltered ;  the  Hltmte  is 
acidified  with  hydrochloric  acid  and  titrated  vith  ^/lo  iodine.  ™/io  iodine  (less 
iodine  for  thiosulphate  contaioed  in  the  poljsulphide  used)  is  the  equivalent  of 
i  HjSOj+HjSjOa—C  c.c.  Two  e.Tamplea  will  make  clear  the  application  of  the 
method.  " 

(1)  Coke  oven  liquor,  see  No.  3  table  (presence  of  sulphite  in  liquor  confirmed 
by  applying  Richardson  and  Ayltroyd's  method.     5  76.6). 


HjSO,+  H,SjO,-0'86  A-B. 

iHjSOj+HjSA       -0-60    (Thiosulpbate  in  poly- 

sulphide  deducted)  C. 

iH^O,=0-26  A-(B  +  C). 

"Wlience, 

Sulphuras  Sulphide— 10  X -0016  x7'71     ='1234  grams  sulphur  per  100  c.i 
Sulphite  =10  X -Oiiie X  2  ■! -aa- 1)1183 
Thiosulphate=  10  x  0064  x  ■34  =  -0218  „ 

(2)    Gas  liquor  (cyanide  present,  hence  poljsulphide  presumably  absent). 
10  C.C.  liquor,  H:,S+  HjSOj+HAOj=3213 
HjS  =30-71 


Sulphur 

Sulphite,  if  present,  only  exists  in  tliis  liquor  in  insignificant  amount.  It  is 
more  reasonable  to  conclude  tliat  it  is  absent. 

It  should  be  pointed  out  that  the  iodine  figure  for  i  H^iSO]  is  reached  by 
gubtraction=A— (B  +  C).  This  will,  to  a  material  extent,  eliminate  the  effect 
due  to  interference  of  organic  matter,  as  titrations  A  and  C  are  carried  out  under 
very  similar  conditions,  while  R  is  not  considered  to  be  materially  afi'ecled. 

Careful  eiperiueuta  were  also  made  on  mixtures  containing  various  known 
proportions  of  sulphite  and  thioaulphate,  both  in  presence  and  abfeuce  of  organic 


.OO^^  IC 


§M. 


siill 


4 


^  I  s  §     U    M 

^  ■  ^  "     ^    <) 

'I'll  ' 

ill!    I    1 


I  5  1  S    S     I 


'111 


II       i  i  li    I 


jg      ssss    s    s 


'« 

^ 

^ 

-^ 

K 

K 

y- 

I'. 

s 

^ 

g 

is 

II 

1- 

,^ 

? 

s 

•? 

•^ 

"S 

=    ■! 

II 

i 

i 

■s 

3 

:^ 

t^ 

.S3 

^ 

^ 

c 

C 

Si 

-i 

"5 

1 

O 

6 

= 

o 

1 

= 

= 

I 

r 

^ 

■1 

DjiL.dhyO'iOO^^k' 


82  VOLUMETRIC   ANALYSIS.  g   19. 

nutter  to  determine  the  lituitatintis  of  the  method.  The  reeulta.  oblained  ftre 
bruufcht  tof!«ther  in  the  above  T^ble,  which  it  ia  hoped  is  KuSieieDtly  clearly  set 
out  to  Bare  detsiled  expUnatioii.  In  eiperimeiita  Noe.  7  and  S  the  re8Ult-<  or 
&nal;si!>  clearly  indicate  absence  of  sulphite  in  the  solution  examined  j  in  expeii- 
meute  Noe.  1  to  6  the  amount  of  sulphite  found  in  each  case  is  in  satisfactork' 
a^treeinent  with  tliat  taken. 

Estdmation  of  Total  Sulphur  in  Ammoniacal  Liquors. 

To  test  the  accuracy  of  llic  bromine  oiidation  method,  the  residue  left  aft^r 

eTaporation  of  the  axidi7.ed  liijuor  to  drynesn  vns  in  one  experiment  fused  willi 

sodium  peroxide  before  extraction  with  nater  for  preijiiiitBtion  of  the  siilrhate 

with  barium  chloride. 

Total  sulphur  obtained  per  100  c.c.  |{rams^-3261  ) 
Ditto  by  simple  bromine  oxidation      ...      =  '3260  ) 
The  uniform  oonsinteDcy  of  the  results  obtained  by  this  method  aiw  serves  a." 
indirect  confirmation  of  itJi  accuracy. 

Diatributioii  of  Sulphur  in  Ammoniaoal  Idquors. 

If  we  subtract  from  the  total  sulphur  found  by  bromine  oxidation  the  sum 
of  the  constituent  sulphurs  found  as  sulphate,  sulphoc.i'anide.  "  thioAu1phat«  " 
(determined  by  titration  of  the  acidified  flll^le  from  the  sulphide  by  ^/lo  iodine). 
and  sulphide,  a  differeuce  figure  is  obtained  which  has  proved  to  be  invariably 
Kegalire  in  si^  since  the  adoption  of  the  improved  method  of  estimating  sulphn- 
cyanide  described  in  1002  Report,  and  here  on  p.  7^  evidence  was  obtained  in 
that  year  that  some  of  the  difference  noticed  was  due  \o  the  presence  of  sulphite, 
whicn  caused  the  "  thiosutphate  "  flKUt«  to  lai^ely  exceed  its  proper  value  by 
reason  of  the  factor  for  conversion  of  "/iq  iodine  into  sulphur  as  tbioaulphate 
beine  '0064  goMt  sulphur  per  1  cc.  "/lo  iodine,  while  that  for  sulphite  is  only 
one-fourth  of  this.  This  has  failed,  bonever,  to  reduce  the  difference  figure  to  the 
limits  of  reasonable  exjierimental  error,  and  the  conclusion  is  re^Lnhed,  therefore, 
that  organic  matter  is  the  disturbing  cause,  as  such  differences  are  not  notioed 
when  the  same  methods  are  applied  to  determine  the  same  constituents  in  solutions 
from  which  organic  matter  is  excluded.  TariouB  coniiderations  point  to  the 
thiosulpliate  titration  as  the  one  peculiarly-  liable  to  such  interference ;  for  this 
reason  the  iodine  method  of  estimating  this  constituent  in  ammoniacal  liquors  is 
finally  rejected  in  favour  of  a  figure  arithmetically  obtained  by  difference. 

6.     Combiued  ITitrogea  in  Organic  Bubstanoes. 

Tlie  old  proceaa  coimiMt«  in  heating  the  dried  eiibstaiiee  in  a  coni- 
liiistitni  tube  with  soila  lime,  by  which  the  iiitrogcti  is  converte<l  m.U\ 
ainini>nia  ;  and  thiit  latter  )>em^  led  into  a  nioasuired  voltiiue  of  normal 
acid  contained  in  a  suitable  bulb  ap|iaratiii<,  eotnbincj^  witli  its  equivalent 
quantity  ;  the  sohttinn  is  then  titratoi'.  Tc»idLially  with  utandanl  allcali 
fur  the  oxeeivs  of  acid,  and  tliii^  the  quantity  cif  atniiionia  fcinnd. 

Aa  the  eomliustion  tube  with  its  arraiiKenierita  for  orjjanic  analysis- 
is  well  known,  and  doscrilwd  in  any  of  the  standard  lif.oka  on  general 
analysis,  it  is  not  nocesifary  to  gi\-e  a  dpscription  here. 

6.    Ejeldahl's  Method. 

This  has  met  with  considerable  acceptance  in  Heu  of  the  comlmstiun 
method,  on  account  uf  its  easy  management  and  accurate  result-^. 
Unlike  the  combustion  method,  the  ammonia  is  obtained  free  from 
organir  mattei-s  or  colour,  and  moreover  salts  of  ammonia  and  nitrates 
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may  be  estimated  with  extreme  act^uracy.  It  was  first  deactibed  by 
Kjeldahl  (Z.  a.  C.  xxii.  ^66),  and  lias  since  been  commented  upon 
by  many  operators,  among  whom  are  Warington  (C.  N.  lii.  162), 
Pfeiffer  and  Lehmann  (Z.  a.  C.  xxiv.  388),  Marcker  and  others 
(Z.  a.  a  xxiii.  553  ;  xxiv.  199,  393  ;  xxv.  149,  155  ;  sxvi.  92  ;  xxvii. 
222,  398)  ;  Gunning  (idem  xxviii.  188) ;  Arnold  and  Wedermeyer 
{idem  xxxi.  526)  ;  and  recently  by  Bernard  Dyer  (/.  C  S.  Ixvii.- 
viii.  811). 

The  original  prucetis  consiated  in  heating  the  nitrogenous  substance 
in  a  flask,  with  concentrated  sulphuric  acid,  to  its  boiling  [xiint,  and 
when  tlie  oxidation  through  the  agency  of  the  acid  is  nearly  completed, 
addii^  finely  powdered  potassium  permanganate  in  sm^  quantitieR 
till  a  green  or  pink  colour  remains  constant  (long  experience  has  shown 
that  this  addition  of  permanganate  is  not  advisable) ;  the  whole  of  the 
nitrogen  is  thus  converted  into  ammonium  sulphate.  The  flask  is  then 
cooled,  diluted  with  wat«r,  excess  of  caustic  soda  atldcd,  the  ammonia 
distilled  off  into  stamlard  acid,  and  the  amount  found  by  titration  in 
the  usual  way. 

Some  practical  difficulties  occurred  in  the  process  as  originally 
devised  ;  and,  moreover,  with  some  ot^j^nic  substances  a  very  long 
time  was  required  to  destroy  the  carbon  set  free  by  the  strong  acid. 

Another  difticidty  was,  tliat  if  nitrates  were  present  in  the  compound 
analyzed  their  reduction  to  ammonia  was  not  certain  nor  r^;ular,  and 
imless  this  difficidty  could  he  overcome  the  value  of  the  process  was 
limited. 

The  experience  of  many  hundreds  of  operators  since  this  method 
was  lirst  introduce<l  has  resulted  in  rendering  it  as  perfect  as  need  be, 
and  the  results  of  this  experience  in  all  essential  particulars  will  now 
be  described,  omitting  the  details  as  to  some  of  the  special  forms 
of  apjiaratus,  and  which  are  not  absolutely  essential.  The  metiiod 
requires  the  following  re-agents  and  apparatus  : — 

1.  Standard  acid,  which  may  be  eitlier  sulphuric  or  hydrochloric  ; 
a  convenient  strength  is  normal  or  seiiii-normal. 

2.  Standard  alkali,  either  ammonia,  sodium,  or  jiotassium  hydrox- 
ides, of  corresponding  strength  to  the  acid. 

3.  Concentrated  sulphuric  acid  free  from  nitrates  and  ammonium 
sulphate.* 

4.  Mercuric  oxide  prepared  in  the  wet  way  or  metallic  meronry.t 

*  Cammerdal  oU  •  t  litrlol  (rfqiuDtlr  oontitlDS  unnunintn  conpoanila,  owlne  to  tha  bet 
tlmt  nukan  winstimm  add  luiiiiioiiiaiB  Biilt>lwta  dariiw  iwncaiitntloii  In  oidsr  to  get  rid 
of  nitmu  oompoonda.  H«1da1>  and  Morits  state  tut  any  tnwea  ot  NmuoBia  u^be 
dMtTOTsd  br  digoting  the  add  for  two  or  tbree  houn  at  a  tamneratiiTe  beluw  tolUDj  with 
•odium  or  potaniniD  nitrite  In  tba  propandmi  of  d-fi  gm.  of  the  nit  to  ICO  c.e.  ol  nM. 
LniiKe  objaoted  to  Uila  treatmint,  Eecuaa  of  the  probable  foRnatiaii  of  Ditn>«alphaiic 
lold.  SiperimtnM  hairs  ilitce  1mm>  made  bj  Uorfti  wUch  wore  that  the  objeotion  la 
gronndlfl— ,  proTld«d  the  dlifeation  ia  earrled  on  for  a  pertod  nudant  to  expel  the  nltrou 
Mdd  (J.  9.  C,  I.  ii.  443).  The  pQrlBoailoii  of  the  acdd  mar  e'  ooone  lie  obviated  bj  a»ei- 
tainiuir  obce  for  all  the  uuotmt  of  ammonia  in  mny  ^tbd  stock  of  actd|l^  maHpg  a  blank 
azparlment  with  pure  augar  and  allowlhir  in  all  coaea  for  tha  azoouat  of  KKg  eo  found. 

nndereiam  natioii.  then  la  a  I'anger  of  tho  metal  paiwIiiBOiBr  with  the  diitiUate  andConai 
an  anu  gam  with  tha  tin  snndRulsjc  tubes  which  abnirbs  some  of  the  ammonia.  He  ther:- 
fonadTOcatoiJaaaglaaa  Instead  of  tin  tubes.  Bo  aiich  aflaoti  hsra  bern  obtained  ta  my 
Iiboraton  with  the  sppamtua  Sk.  St.    It  is  posaihle  that  tlie  danger  alluded  to  is  due  to 


libomtoi^  with  the  appanktua  Bg,  32.    It  is  posal 
Impore  tb  or  to  the  form  of  dutlUlng  Oaik  used. 
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5.  Powdered  potassium  sulphate. 

6.  Granulated  zinc. 

7.  Solution  of  potassium  sulphide  in  tvater,  40  gin.  in  tlie  liUir. 

8.  A  saturated  solution  of  caustic  soda  free  from  nitrates  cir 
nitrites. 

9.  An  indicator — litiuuK,  methyl  orange,  or  cochineal  are  suitable, 
Ijut  phenolphtlialeiu  may  not  lie  used. 

10.  l>igestion  flasks  with  long  neck  an<l  round  Iwttoiu,  holding 
about  200—250  c.c.  These  flasks  should  lie  well  annealed,  and  not 
too  thick,  preferably  made  of  Jena  glass — the  neck  about  J  inch 
wide,  and  3J — 4  inches  long. 

11.  Distillation  flasks  of  han.)  Itoheiniau  glasis  of  conical  sliape, 
560 — 600  c.c.  capacity,  litteil  with  a  rublwr  stopiwr  and  a  imlb  aboie 
with  curved  delivery  tube,  to  prevent  tlie  spray  of  the  Imiling 
alkaline  liquid  from  being  cairied  over  into  the  condenser  tubes. 
Copper  distilling  l)ottle8  or  flasks  are  used  by  some  operators  for 
technical  purposes  witli  good  results,  but  in  this  cose  it  is  advisable  to 
put  the  sixla  into  the  vessel  tirst  then  add  the  ai.'id  liquid, 

12.  Tlie  condenser.  Owing  to  tlie  undoubteil  solubihty  of  glass 
in  fresh  distilled  wat4.'r  containing  anuuoniu,  it  is  advisable  to  liave 
the  condenser  tulie  uiadc  of  pure  block  tin.  Ttiis  should  be  a)x>ut 
three-eighths  of  an  inch  wide  externally,  and  is  connected  with  the 
liulb  tube  of  the  distillhig  flask  with  stout  pure  rubl)er  tube.  It  is 
tturrounded  by  either  a  metal  or  gloKS  cosing,  thi-ough  which  cold 
water  is  i>asaing  in  the  usual  maiuiur.  It  is  very  easy  to  tit  up  such 
an  arrangement  with  the  cimdenser  tubes  made  entirely  of  glass  sold 
by  the  dealers  iji  chemical  apjiaratus.  The  end  of  the  condenser 
tube  may  })e  simply  inserted  into  the  neck  of  a  flask  in  an  oblique 
position,  containing  the  standard  acid,  or  it  may  liave  a  delivery  tube 
connected  by  a  rubber  tu1x;  leotliiig  inb)  a  Iwaker.  There  is  no 
necessity  for  dip]>ing  the  ilelivery  tiiK'  into  the  acid  unless  the 
temperature  of  the  plaei'  is  verj'  high. 

In  places  where  it 
ia  difficult  to  arrange 
for  a  flow  of  water  to 
keep  the  distilling 
tiihe  ciHjl  the  siinjile 
apparatus  shown  in 
tig.  31  may  lie  sen'iee- 
able,  and  unle^  the 
temitemture  of  the 
place  is  e."{feedingly 
liigh  there  is  no  loss 
of  ammonia.  This 
mgement  is  useil 
by  Stutzer,  whose 
i-esiilts  with  it  com- 
pare well  with  others  made  in  condensers  su/rounded  by  flowing 
water ;  and  equally  accurate  figures  liave  l)eeii  go'  in  comparison  witli 
the  ordinary  condenser,  using  the  same  quanlity  of  suljstance.     Tiie 
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rxplanatioii  of  this  is,  no  doubt,  tlie  verj-  stroiiti  affinity  of  ammonia 
for  water,  and  when  in  vory  minute  quantity  it  is  held  very 
tflnacioiialy,  even  at  a  tolerably  high  temperature.  The  tube  ahould 
be  not  leas  thau  3  feet  long.  Where  a  Ui^e  numl>er  of  estimations 
are  being  carried  on  it  is  convenient  to  have  a  s]>ecial  condenser, 
whicJi  will  allow  of  aix  or  more  distillations  being  worked  at  the  same 
time.  Several  forma  of  such  arrangi^nients  have  lieen  devised,  and 
are  obtainable  of  apjiaratiis  dealers. 


Fig.  32. 
For  u«<!  in  my  own  laboratory  where  a  large  numljer  of  ^picultural 
ramples  are  examined,  the  form  shown  in  fig.  32  has  been  adopted, 
and  has  been  found  to  answer  well.  The  body  of  tjio  condenser 
consists  of  ail  ordinary  10-gallon  iron  dnini  filled  witli  water ;  the 
pure  tin  distilling  tubes  run  through  this  at  equal  distances  from  each 
other,  and  emerge  at  the  bottom  of  sufficient  length  to  dip  into  the 
vesaels  containing  the  standard  acid.  With  this  arrangement  there  is 
no  necessity  for  nmning  water,  and  six  distillations  may  I>e  carriod  on 
simultaneouBly  without  fear  of  losing  ammonia  ;  the  botly  of  water  i» 
so  great  that  the  lower  jiortion  is  quite  c«k>1  after  tlic  distillations  an- 
finisheil.    *  In    case    of    extremely    hot    weather   or   in   a   very   hot 
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labotator}',  the  cover  may  be  removed  and  a  lump  of  ice  jdaced  in  the 
water,  if  a  large  number  of  distillations  are  required. 

The  distilling  flasks  are  cloaed  with  rubber  stoppera,  aud  fitted 
with  ball  to|)  arrangement  shown  more  plainly  in  iig.  31.  Theae  are 
cuimected  with  the  tin  tubes  bj  rubber  joint*,  and  supported  on  an 
iron  frame  over  whirh  is  laid  a  atrip  of  wire  gauze.  The  Bunsen 
burners  are  of  Fletcher's  make,  with  nickel  gauze  tojid  wliich  give 
a  smokeless  flame  of  anv  desired  size.  Ho  well  does  tliis  airaiigemeut 
work,  that  during  many  hundreds  of  distillations  not  one  breakafje 
luifl  occurretl,  due  to  the  heating  or  the  distillation.  The  tin  condens- 
ing tuliea  do  not  in  this  case  dip  into  the  standard  acid,  ae  various 
cxjierimentB  have  proved  it  unnecessary,  uidess  the  tcniiwratuiv  of 
the  laljoratory  is  very  high. 

B.  Dyer  uses  a  tin  condensing  tulie  rising  15 — 18  inches  vertically 
from  the  distilling  flask  with  no  condenser,  but  bent  downwards  and 
fitting  into  a  jicar-sliajied  adapter  (with  large  ex|>ansion  to  allow  of 
varied  pressure),  whose  narrowed  end  ilijis  actually  into  the  b  ' ' 

13.  A  convenient  stantl  for  holding 
the  digestion  flasks  is  sliown  in  tig.  33, 
and  they  rest  in  an  oblique  position. 
Heat  ix  supplied  by  small  Bunsen 
bnmcrs.  With  a  little  v&re  the  naked 
flame  can  lie  applied  directly  to  the 
flask  without  ilanger.  Some  ojwrators 
prefer  to  close  the  digestion  flasks  j  i 
witli  a  loosely  fitting  glass  stopper  *^  I  _^ 
elongated    to    a    point,    and    liaving  ^'    _. 

a  Ijolloon-shaped  top.      This  aids  in  ^'"^  ^^• 

the  condensation  of  any  acid  which  may  distil,  but  it  the  flasks  are 
tolerably  long  in  the  neck,  there  is  ])ractically  no  loss  of  acid  except 
as  SOj  which  occurs  in  any  case.  It  is  almost  needless  to  say  that 
the  dige.'ition  should  be  done  in  a  fume  closet  with  g<KNl  draught. 

As  the  aciii  fumex  given  off  when  organic  matters  are  boiled  with 
strong  acid  are  very  disagreeable  and  irritAting  to  tlie  Inngs,  es|>eciully 
in  small  lalioratories,  anotlier  method  can  }»  adopted  so  that  no 
fume  closet  is  necessary,  ami  the  digestion  can  be  can  carried  on  in 
the  ojien  air.  The  acid  flask  is  closed  with  a  jiear-nliaijed  hollow 
stopper,  attached  to  which  is  a  bent  glass  tulw,  the  end  of  which  is 
Iiassed  through  a  cork  into  a  globe-shaped  adapter  held  in  the  neck  nf 
a  conical  flusk,  which  contains  a  solution  of  caustic  soda  into  wliicb 
the  end  of  the  adapter  dips.  By  this  method  all  tlie  acid  funics  are 
absorbed.* 

Tub  Kjeldau  t,-GvssiNO  Pkocess:  From  OS  to  6  gin.  of  the  BubsUnce 
accordioK  to  ila  luitiire  is  brouglit  into  a  diKealion  Omic  wilh  Bpproxituately 
05  sm.  of  mercuric  oiide  or  a  small  globule  of  metal  and  20  c.c,  of  sulphuric 
acid  (in  case  ot  bulky  veaelahle  substances  30  c.c  or  more  may  be  necessarj-). 
The  flask  ia  placed  on  wire  gauze  over  a  Kmall  Dunsen  burner  in  an  upright 
]s>sition.  or  in  the  frame  above  deivribed  in  an  inclined  position,  and  heated 
below  the  boiliug-poinl  of  the  acid  for  from  five  to  fifteen  luiuute,",  or  until 


[IS  actually  into  tlie  ooul. 
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TrotluDg  hu  ceaB«4l.  The  heat  is. then  raised  till  the  acid  boils  briskly,  this  is 
cootiDued  for  about  fifteen  minute,  when  about  10  grama  oC  potaaHJum  sulphate 
are  added  and  the  boiling  continued  (anhydrous  sodium  sulpliate  also  aoiivrars 
this  [lurpose,  and  the  same  effect  cau  be  oblaiued  in  the  fame  time  by  sodium 
pyrophoiiphate,  2  gm.  of  the  latter  acting  as  well  as  10  gm.  of  the  two  former). 
No  turtoer  attention  is  required  till  the  contente  of  the  flask  have  become 
a  olwr  liquid,  which  is  colourless,  or  at  leaat  has  only  a  very  pate  straw  colour. 
The  flask  is  then  removed  from  the  frame,  and  after  cooling,  the  contents  are 
tnuisferred  to  the  diHtilliiig  flask  nith  repeated  quantities  of  vratcr  amounting 
in  all  to  about  S50  c.c,  and  to  this  25  c.o.  of  potassium  sulphide  solution  are 
added,  60  c.c.  of  the  soda  solution*  or  sufficient  to  make  the  reaction  strongly 
alkaline,  and  a  feiv  pieces  of  graoulafed  /inc.  The  flask  is  at  once  connecled 
with  the  condenser,  and  the  contents  are  disttlled  till  all  ammonia  has  passed 
over  into  the  standard  acid,  and  the  concentrated  solution  can  no  longer  be  rafely 
boiled.  Thb  operation  usually  requires  from  twenty  to  thirty  minuUw,  The 
distillate  is  then  titrated  with  normal  or  seniinormal  alkali. 

The  use  of  mercury  or  its  oxide  in  this  oneiation  greatly  Hliortens  the  time 
neceasary  for  digestion,  which  is  rarely  over  an  nour,  ana  iu  the  case  of  substances 
most  dilBoult  lo  oxidize,  is  raote  commonly  lesH  t!ian  an  lioar.  Potassium 
sulphide  removes  all  mercury  from  solution,  and  so  prevents  the  formation  of 
mercuro-ammonium  compounds  which  are  not  completely  decomposed  by  soda 
solution.  The  addition  of  zinc  gives  rise  to  an  evolution  of  hydrt^n.  and 
prevents  violent  bumping.  Previous  to  use.  the  stock  of  reagents  should  always 
be  t«8t«d  by  a  blank  exi>eniuent;  in  many  ctses  if  potassium  sulphate  Is  used 
there  is  no  necessity  for  mercury,  and  therefore  no  sulpliide  in  required. 

The  following  mixlifications  muBt  be  used  for  the  determination  of 
nitrogen  iu  substances  which  contain  nitrate.s. 

Estlinatioii  of  D'itrogeii,  including  mtrates,  by  the 
Ejeldahl-Quunlng-Jodlbauer  Frooeea. 

The  requisite  quantity  of  substance  to  be  analyzed  is  put  into  the  digesting 
flask  together  with  1  or  2  gm.  of  zinc  dust.  From  20  to  30  c.c.  of  sulphuric 
acid  containing  2  gm.  of  salicylio  acid  are  then  quickly  poured  over  the  mixture 
90  as  to  cover  it  at  once.  The  whole  is  then  gently  healed  til!  frothing  is  over, 
and  the  process  finished  with  or  without  tiie  potassium  sulphate  as  before 
described. 

The  followijig  observations  liy  Dernanl  Dyer  are  of  considerable 
importance  in  connection  witli  the  modified  process ; — "  Wlieii  nitrates 
are  present  in  addition  to  organic  or  ammoniaeal  nitr<4;eii,  Judlhauer's 
inoditieation  {Chem.  Centr.  iii.,  xvii^  433)  suffices  to  detenuiiio  accu- 
rately the  total  nitrogen.  This  process  consists  in  previously  adding  to 
the  sulphuric  acid  used  for  oxiilation,  eitlier  phenol  or,  iireferably, 
salicylic  acid — generally  about  2  grams  for  a  ilet«rmination.  "While 
tlie  contents  of  the  flask  are  still  cold,  from  1  to  2  gmms  of  zinc  dust 
are  added  (as  well  as  a  drop  of  mercury  or  some  oxide)  and  allowed  to 
dissolve  before  the  flask  is  heated.  The  }iroiriiss  is  then  continued 
exactly  as  previously  described,  when  the  whole  of  the  nitrogen  is 
obtained  as  ammonia.  There  is  no  difficulty  wliatei'er  in  detemiiiiing' 
the  nitrogen  in  potassium  or  sodium  nitrate  iu  this  manner ;  but  I  finil 
that  when  ammonia  salts  are  present  an  well  as  ]>otassium  or  sodium 
nitrate,  the  i-esults  are  invariably  too  lo^v,  uidess  the  auli)lmric  acid 

*  Soma  opemtoni  pnrter  to  ctom  the  diBUlIing  Bufc  with  ■  caontchouc  itonwr,  Chroufh 
which  in  addlUon  to  the  iliitilling  tube,  a  ftumtl  with  tap  is  fiiea  f.c  ruuning  in  tie 
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(.■onlaiiiiiig  tlic  falicylic  acid  i»  ixninsl  quickly  iiitu  the  flask  out  of 
a  beaker,  so  tliat  the  nitrate  shall  i>e  cc)m{)letely  coverett  by  the  aciil 
bcfoiv  the  lajuie  of  an  appreciable  interval  of  time  ;  this  prevents  the 
fonuatiou  of  tlio  lower  uxidett  of  nitrogen,  and  conse<iitent  losa.  Wlicn 
even  ammonium  nitrate  is  treated  in  this  way,  the  wliulc  of  the  uitr<^n 
is  retained  in  solution.  I  allude  to  tliis  detail,  because  I  liave  nowhen- 
seen  attention  drawn  to  it,  and  I)ecau3e  I  think  tlicre  is  a  proliability 
of  lar({C  errors  occtining  in  the  analysis  of  conipouud  fertilisers,  in- 
clnding  mixtures  of  ammonia  saltu  and  alkali  nitrates,  if  the  acid  i» 
alloweil  to  flow  on  to  ttie  soinjile  from  a  pii)ctte  in  the  usual  way." 
The  experiments  carried  on  by  this  chemist,  and  recorded  in  tho 
I>ai>er  already  mentioned,  are  extremt-ly  valuable.  They  show'that 
the  Kjetdahl  ])rocuss  either  with  the  modifications  of  Gunning  and 
Arnold,  or  with  that  of  the  same  and  Jodlbauer,  is  capable  of 
aeeurateiy  estimating  the  nitrogen  in  a  very  lai^^e  variety  of  complex 
siihRlancci,  and  with  the  exiH'uiliture  of  very  little  time  as  compared 
with  older  muthixls. 

As  respects  the  siilatanccs  available  for  the  accurate  estimation  of 
their  nitrqren  by  the  Kjeldahl  method.  Dyer  finds  that  if  sine  alone 
(without  the  use  of  phenol  or  salicyhc  acid)  he  used  with  aromatic 
tutroKM>m[>oiuids  there  is  toss  of  nitrogen,  as  though  it  were  necessary 
that  more  carbon  should  Iks  present. 

The  KjeldahKiunning  method  fails  to  furnish  the  calculated 
ijuantity  of  nitrogen  in  azu)>enzene  or  amido-ozolHtuzene.  Mure  re- 
duction by  zinc  suffices  with  ami  do-awl  Mil  mene,  hut  in  the  cose  <'f 
lUHiben/ene  the  coniplete  Jodlhauer  modification  w  necessary.  With 
amido-oziitolucne  tlie  cornntt  amount  was  olitained  l.iy  the  Kjeldahl- 
liunning  pnicess  supplemented  by  reduction  with  zhic  and  with 
cnrbazol  hy  the  Kjeldahl-tfuuntng  method  alone. 

] lydroxylaniine  hydrochloride,  which  contains  2Q'2l  per  cent,  of 
nitrogen,  yielded  only  3  ]>er  cent,  by  the  KJeldahMlunning  method  ; 
by  reduction  with  zinc  about  10  ]ier  ctiiit.  was  olitoined  ;  hy  the 
K,ieldahl-(!unning-.IodIbauer  nietluMl  about  19  per  cent.;  by 
reduction  with  sugar  and  zinc  less  than  19  jicr  cent.  The  Kjeldahl- 
(■nnning-Jodlbauer  method  with  the  addition  of  sugar  as  well  a^< 
zinc,  however,  (pive  the  calculated  quantity  in  each  of  three  seiamte 
determinations.  Acetaldoxime,  hy  the  Kjuldahl-tiunning  methisl. 
gave  somewhat  low  results,  but  with  the  addition  of  sugar  and  zinc 
fnmisheil  corri'ct  results.  JJaphthoquinone-nxime  yields  tt«  full  pei- 
centage  hy  the  Kjeldatil-Cnuning  methoil. 

Potassium  cyanide  and  ethyl  cyanide  l)ot]i  give  nearly  correct  reauits 
by  the  Kjcldahl-liunniug  inethod  ;  no  trace  of  hydnwyanic  acid  i^ 
evolved  if  the  sulphuric  acid  useil  Is;  ntrung.  I'otassium  ferroc3Tinide 
■  also  yields  accurate  results.  I'otossiuin  ferricyanide,  however,  only 
gives  fiuHicieutly  accurate  results  when  reduced  by  the  addition  of 
sodium  thiosuljihate.  K'slium  nitropnissidc  failed  with  any  modifica- 
tion of  the  methixl  to  yielit  all  Its  nitrogen. 

Phenyl  hydrazine  derivatives  cannot  by  any  motlification  of  the 
method  tried  I)e  made  to  give  correct  results  ;  tliere  is  invariablj" 
loss  of  nitrogen,  presumahly  liberated  in  the  free  state. 
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H.  C.  Sherman  {Jour.  Amer.  Chem.  Soc.  xvii.  567)  states  that  ni> 
known  modification  will  give  accurate  reanlts,  where  large  proportions- 
of  both  chlorides  and  nitra(«s  exist  in  tlie  suhstaiice  digested. 

AdDIHETBY    OB    THS    TZTBATZOIT    OF    ACIDS. 

g  20.  Turn  operation  is  simply  the  reverse  of  all  tliat  has  been 
suid  of  alkalies,  and  depends  iijion  the  same  principles  as  liave  been 
('^plained  in  alkalimetry'. 

With  free  liquid  acids,  such  as  hydrochloric,  sidphurie,  or  nitric, 
the  strengtli  is  generally  taken  by  means  of  the  hydrometer  or  specific- 
gravity  bottle,  and  the  amount  of  real  acid  in  the  sample  ascertained 
by  reference  to  the  tables  constructed  by  Otto,  Bincau,  or  Ure. 

In  the  case  of  titrating  concentrated  acids  of  any  kind  it  is  preferable- 
in  all  cases  to  weigh  accurately  a  small  quantity,  dilute  to  a  definite 
vohimc,  and  take  an  aliquot  portion  for  titration. 

Delioate  End-reaction  in  Aoidimetry. 

If  an  alkaline  iodate  or  bromate  lie  added  to  a  solution  i>f  an  alkajine 
iodide  in  the  presence  of  a  mineral  acid,  iodine  is  set  free  and  remains 
dissolved  in  the  excess  of  alkaline  iodide,  giving  tlie  solution  the  well- 
known  colour  of  iodine.  This  reaction  has  been  long  observed,  and  is 
capable  of  being  used  with  excellent  effect  as  an  indicator  for  the 
delicate  titration  of  acids,  and  therefore  of  alkalies,  by  the  residual 
method.  KJeldahl,  for  instance,  uses  it  in  his  ammonia  process, 
where  the  distillate  contains  necessarily  an  excess  of  standard  acid. 
The  reaction  is  definite  in  character,  and  may  be  used  in  various  wayF<- 
in  volumetric  processes.  For  instance,  potassium  bromate  liberates 
ioiline  in  exact  proportion  to  its  contained  oxygen  in  the  presenci- 
of  excess  of  dilute  mineral  acid,  and  the  i«line  so  liberated  may  Ik- 
accurately  titrated  with  so<lium  thiosuli>liate.  In  acidimetry,  however, 
the  method  is  simply  used  for  its  cxcee<ling  delicacy  as  an  end-reaction, 
erne  drop  of  */ioo  sulphuric,  nitric,  or  hydrocldoric  acid  l>eing  quite 
Kiillicient  to  cause  a  deep  blue  colour  in  the  presence  of  starch. 

Tlie  adjustment  of  the  standard  liquids  is  made  as  follows  : — 2  or  :t 
c.c.  of  ^/lo  ^'<^  "■*  ri>'i  i"''^  "^  flask,  diluted  somewhat  with  water,  and 
a  crystal  or  two  of  potassium  iodide  thrown  in  ;  1  or  2  c.c  of  a  .'5 
per  cent,  solution  of  ])otas.stum  iodate  are  then  wlded,  which  at  once 
piwluces  a  brown  colour,  due  to  free  iodine.  A  solution  of  sodium 
thiosniphate  is  added  from  a  burette,  with  constant  shaking,  until  the 
colour  is  nearly  discharged ;  a  few  drops  of  clear  freshly  prepare<l 
starch  solution  are  now  [(oured  in,  and  the  blue  colour  removed  by  the 
very  cautious  addition  of  thiosulpliate.  The  quantity  of  thiosulphatc 
used  t«pTesent«  the  comparative  strengths  of  it  and  the  standard  acid, 
and  is  used  as  the  liosis  of  calculation  in  other  titrations.  The  first 
discharge  of  the  blue  colour  must  be  taken  in  all  cases  as  the  correct 
ending,  tiecause  on  standing  a  few  minutes  the  blue  colour  returns, 
ihie  to  some  obscure  reaction  from  the  thiosulpliate.  This  has  been 
probably  regarded  as  one  of  the  drawbacks  of  the  proce,ss,  and  another 
is  the  instability  of  the  thiosulpbato  solution  ;  but  tliese  by  no  moans- 
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iiivalidale  its  acuitiacy,  and  it  moreover  [)OBa«B3€i^  the  advantage  of 
being  applicable  to  excessively  dilute  Boliitions,  and  may  1)e  UHetl  by 
.  jirtilicial  light.  The  oi^nic  acids  aannot  be  estimated  by  this  uiethod, 
tlie  actiou  nut  being  regular.  Neutral  alkaline  and  alkaline  earthy 
salts  have  no  interference,  but  salts  of  tlie  organic  acids  and  borates 
must  be  absent. 

ACETIC    ACID. 

§  21.  In  consequence  of  the  anomaly  existiug  between  the  sp.  gr. 
'  of  strong;  acetic  acid  and  its  actual  strength,  the  liydrouieter  is  not 
reliable,  but  the  volumetric  estimation  is  now  rendered  extremely 
accurate  by  UHing  phenol|ihthalein  as  indicator,  acetates  of  the  alkalies 
and  alkaline  earths  having  a  jierfectly  neutral  l>efiaviour  to  this  in- 
dicator. Even  colouretl  vinegars  may  be  titrated  when  highly  diluted. 
Where,  however,  the  colour  is  too  nnu'h  for  this  nicthml  to  succeed, 
Pettcnkofer's  plan  is  the  Iie.'t,  and  this  opinion  is  endorsed  by 
A.  K.  Leeds  (J.  Am.  C.  *'.  xvii.  741).  The  latter  takes  50  c.c.  of 
the  vinegar  and  50  c.c.  of  water  with  a  drop  of  ])henolphthalein,  adds 
^/lo  l«ryta  to  slight  excess  which  causes  the  organic  colouring  mattein 
to  soiwrate  either  in  the  colil  or  on  warming,  the  excess  of  liarytn  is 
then  found  by  titration  with  ^/lo  "'^'•1  ""*'  tunneriu  jmjier 

Several  processes  have  at  various   tiinei*  l)een  suggesto  1  fo     tl 
accurate  and  ready  estimation  of  acetic  acid,  among  nl     1     s  tl  at 
of  (.Jreville  Williains,  by  means  of  a  standard  aol  t  fin 

syrup.      The  results  obtained  were  very  aatisfacl«ry. 

U.  Mohr's  process  consists  in  adding  to  the  acid  a  kn  ex  s  e 
ipiantity  of  prccijiitated  neutral  and  somewhat  moist  cah  n  «  bonat 
When  the  decomposition  is  as  nearly  as  |)ossil>le  complete  ui  the  cold, 
the  mixture  muKt  be  heated  to  exjiel  the  <J'>,,  and  to  complete  the 
saturation ;  the  rewdiial  carlwnate  is  then  brought  upon  a  filter, 
washed  witli  Imilmg  water,  ami  titrateil  with  excess  of  normal  acid 
and  liBck  with  alkali 

In  testing  the  impure  brown  pyroligiieous  acid  of  tommerce,  tins 
method  has  gnen  fairly  accurate  re'iults  * 

The  titration  of  a<  etit  and  or  i  inegar  may  also  lie  ]m  rfoniied  by  the 
ammonio-cupric  solution  described  in  g  1-5.10. 

1.  Free  mineral  Aoids  in  Vinegar. — Hehner  has  devised  an 
excellent  method  for  this  purpose  (Analyvl  i.  105). 

Acetates  of  the  alkalies  arc  always  present  in  commercial  vinegar ; 
and  when  such  vinegar  is  evaporated  to  dryness,  and  the  ash  ignited, 
the  alkalies  are  converted  into  carbonates  having  a  distinct  alkaline 
reaction  on  litmus  ;  if,  however,  the  ash  has  a  neutral  or  aci<l  reaction, 
some  free  mineral  acid  must  have  Iieen  present.     Tlie  alkalinity  of  the 

■  A.  B.  Lead!  iloc.  cil.)  buDOt  Founi)  thle  metbod  tsuuwer,  Khich  I  tliiDkmuaC  be  due 
lo  uHlDS  dried  calcium  CAfbOQ&te.  1  baTe  only  ubed  it  for  CDmineTviBl  vood  iicid,  uid  tb« 
figures  obtained  t^  me  were  tbe  biebeat  udook  HvemJ  oCh«r  metbodp ;  but  an  error  hu 
been  committed  in  not  mentionins  thiit  (he  CiiCOa  eliould  not  be  tboraii(rhl]i  dried,  and  tbe 
aik^inilir  of  wbich  1b  kcoira. 
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ash  »  diminished  in  exact  proportion  to  the  amount  of  mineral  acitl 
adiled  to  the  vinogar  as  an  adulteration. 

Method  of  Pbocedl'bb  :  50  c.c.  of  the  vinegar  are  lulied  with  2S  c.c.  of 
"/lo  S""^  <"'  potash,  evHponitcil  to  dryness  and  ignited  at  a  low  red  heat  to 
convert  theacetatex  into  carbonates;  when  cooled,  25  c.c  of  '/lo  acid  are  added; 
the  mixture  heated  to  expel  CO^,  and  filtered :  after  waalting  the  residue,  the 
filtrate  and  washiugB  are  eiactl;  titrated  with  "/lo  alkali ;  tlie  volume  to  used 
equals  the  amount  of  mineral  acid  present  iu  the  50  c.c.  of  vinegnr, 

1  O.C.  »/io  R!ka]i  =  0004y  gm.  HjSO,  or  0*003646  gm.  HCI, 

If  the  vinegar  contains  more  than  0'2  per  cent,  of  mineral  acid,  more 
tlian  26  c.c.  of  "/lo  alkali  mii.st  be  used  to  the  50  c.c.  vinegar  l>etore 
evapiirating  and  igniting. 

2.  Aoetates  of  the  Alkalies  and  EarthB. — These  .salts  are 
converted  Ity  ignition  into  carbonates,  and  can  be  then  tesidually 
titrated  with  normal  acid  ;  no  other  organic  acids  must  Ite  present, 
,  nor  must  nitrates,  or  similar  compounds  deri)mjioRal>le  by  heat.  1  c.c. 
normal  acid  =  0-06  gm.  acetic  acid. 

S.  Uetallio  Aoetatea. — Neutral  solutions  of  lead  and  iron  acetates  may 
be  precipitated  by  an  excess  of  normal  widium  or  potA.>SLum  cirt>onate,  the  prc~ 
eipitate  w.-ll  boiled,  filtered,  a^id  washed  with  hot  water,  th  '  filtrate  and  wa8hing?> 
mad-?  lip  to  a  definite  Tnlume,  and  an  aliquot  portion  titrated  with  "/lo  ae'd  ; 
the  difference  between  the  quantity  so  u^  and  calculated  for  the  original 
volume  of  alkali  will  represent  tlie  acetic  acid. 

If  such  solutions  wntain  free  acetic  or  mineral  acids,  they  must  be 
exactly  neutralized  previous  to  treatment. 

If  other  salts  than  ac'tates  are  present,  the  proct.'.w  nmst  be  mollified 
as  follows  : — 

Method  of  Fbocedube:  Precipitate  with  alkaline  carbonate  iu  exce::<s, 
exactly  neu(ralize  with  hydrochloric  acid,  evaporate  the  whole  or  part  to  drj'- 
nes8,  ignile  to  convert  the  acetates  into  carbonates,  then  titrate  renidually  with 
nonnaf  a<,nd.  Any  other  organic  acid  tlian  acetic  will,  of  course,  record  itielf  in 
ternn  of  acetic  acid. 

4.  Commeroial  Acetate  of  lame. — The  metliixlH  just  described 
are  often  valueless  in  the  case  of  this  substance,  owing  to  tarry  matters, 
wluch  readily  produce  an  excess  of  carbonates. 

FreseniuM  (Z.  a.  C.  xiii.  153)  adopts  the  following  proeew  for 
tolerably  pure  samples  : 

Method  OP^Pboceddbb;  5  gm.  are  wei^^ied  and  transferred  1«  a  250  c.c. 
tbak,  dissolved  in  about  150  c.c.  of  water,  and  TO  c.c.  of  normal  oxalic  acid  added ; 
the  Oa-'k  is  then  well  shaken,  and  filled  to  the  mark,  2  c.c.  of  water  are  added  to 
allow  for  the  volum;  occupied  by  the  precipitate,  the  whole  is  again  well  shaken 
and  left  to  settle.  The  solution  ia  then  filtered  through  a  dry  tiller  inlii  a  dry 
'   flask  :  the  volume  so  filtered  must  exceed  200  c.c. 

100  c.c.  are  first  titrated  with  normal  alkali  and  litmus ;  or,  if  highly  colovued, 
by  help  of  litmus  or  turmeric  paper ;  the  volume  used  multiplied  by  25  will 
give  the  volume  for  5  gm. 

Another  100  c.c.  are  precipitated  with  solution  of  pure  calcium  acetate  in  slight 
excess,  warmed  ^ntly.  the  precipitate  allowed  to  settle  somewhat,  then  filtered, 
well  washed,  dried,  and  strongly  ignited,  in  order  to  convert  the  oxalate  into 
calcium  carbonate  or  oxide,  or  a  mixture  of  both.  The  residue  so  obtained  is 
then  decomposed  with  excess  of  normal  acid,  and  titrated  residually  with  normal 
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ftlktli.  By  dediictiiitf  the  volume  of  acid  used  to  neutnilue  the  precipil»to  ftom 
that  of  the  alkali  used  in  the  Ant  100  c.c.  mi  multiplTuiK  by  2'6,  ia  oblained 
the  volume  of  alkxli  expre»iiii^  the  weight  of  acetic  acid  in  the  6  gm.  of  aoetkte. 

Ill  the  case  of  very  imimre  aiid  hij(lily  coloured  samples  of  acetate, 
it  is  iiiily  possible  to  estimate  tlic  acetic  acid  by  rBi>eateil  distillations 
with  [ihosphoric  acid  aiid  water  to  incipient  dryness,  and.  then  titrating 
till!  acid  direct  with  "/lo  alkali,  rach  c.c.  of  which  repi'eaents  0'006 
Ifm.  acetic  acid. 

The  dixtillation  ix  U'Ht  arrangnl  as  suggested  by  Stillwell  and 
(Jla<Ming,  or  later  |.y  llarcoitrt  rhiliipa  (C.  N.  liii.  181). 

Uetiiod  of  Procedure:  A  lOO  to  120  c.o.  retort,  the  tubulure  of  whicli 
vnrries  a  Kmalt  funnel  fitted  in  with  a  rubber  stopper,  and  tho  neck  of  Ihe  funnel 
!<topped  tightly  with  a  gtaKi  rod  shol  with  elastic  tut)e.  ia  supported  upon  a  stand 
in  Buch  A  way  that  ita  neck  inclines  upwsnLs  at  about  forty-five  degrees :  th"  end 
•f  the  neck  ia  drawn  out,  and  bent  so  a;  to  lit  into  the  condenser  by  help  of  an 
ehwtic  (ul>e.  The  grenter  part  of  the  retort  neck  is  coated  with  flannel,  so  as  to 
prevent  too  much  condensation, 

1  ^m.  of  the  sample  beinft  placed  in  the  retort,  10  c.c.  of  a  40  per-cent.  aoluljon 
of  FfOi  ore  added,  together  with  as  much  water  aa  will  make  about  60  c.o.  A 
small  naked  flame  is  used,  and  if  carefully  manipulated,  the  distillation  may  be 
•anied  on  to  near  dnness  without  endangering  the  retoH.  After  Ote  fint 
operation  the  retort  is  allowed  to  cqoI  somewlint.  Uten  60  o.c.  of  hot  water  added 
through  the  funnel,  another  distillation  made  as  before,  and  the  same  reieated 
a  thinl  time,  which  will  sutlire  to  cany  over  all  the  acetic  acid.  The  distilbite  in 
fhcD  tilnilcd  with  alkali  and  phenol phlhalein. 

Ity  tliif  arranjjemcnt  the  frotliing  and  spirting  iw  of  no  conaequonce, 
and  the  whole  process  can  be  completed  in  less  than  ati  hour.  Tlie 
rcsidts  are  e:teeilent  for  ti'chnical  pi.rpiinei<. 

Weber  (Z.  a.  C.  sxiv.  614)  has  deviseJ  a  ready  and  fairly  accurate 
method  of  estimating  the  real  acetic  acid  in  samples  of  acetate  of  lime, 
Imw-d  on  tlie  fact  that  iicetate  of  silver  is  uisoluble  in  alcohol. 

MtTiiODOvPHOCEDifHK:  10  gm.  of  the  Sample  in  pondct  are  placed  in  a  2B0 
r.r.  fla.ik,  a  little  water  added,  and  bested  till  all  soluble  matters  are  extracted, 
eooled,  and  made  up  lo  tlie  measure  :  2o  c.c.  are  then  filtered  through  a  dry  filter, 
put  into  a  beaker,  50  c.c.  of  absolute  alcohol  ad  led.  and  Ih^  acetic  acid  at  once 
precipitated  with  an  alcoliolic  solution  of  silvtr  nitrate.  The  silver  aoetale. 
togetlier  with  any  chloride,  sulphate,  eto,,  separates  free  from  colour.  The 
precipitate  is  brought  on  a  filter,  well  washed  with  60  per-cent.  alcohol  IJH 
the  free  stiver  is  removed  ;  precipitate  ia  then  dissolved  in  weak  nitric  aoid,  and 
titrated  with  "/io  salt  solution.     Each  c.c.  representa  O'OOO  gm.  acetic  acid, 

Hcveml  trials  made  in  eompariwun  with  the  diHtillation  method  with 
phoHphoric  acid  gave  pnictically  the.  name  results. 

A  giHid  technical  method  has  been  devised  by  Grimaliaw  (Allen's 
ttrij/inie  Analy^ix  i.  397). 

SlErnoD  OF  pRoCEnmE :  10  gm,  of  the  wmple  are  treated  with  water  and 
an  excess  of  sodium  bisulphate  (NallSO,).  the  mixture  diluted  to  a  definite 
volume,  filtered,  and  a  measured  portion  of  the  filtrate  titrated  with  standard 
alkali ;  a  similar  portion  meanwhile  is  evaporated  to  dryness  with  repeated 
moist^inf!  with  water,  to  drive  oft  all  free  acetic  acid.  The  residue  is  diswrfved 
and  titrated  with  standard  alkali,  when  the  difference  between  the  volume  now 
required  and  that  u.'^  in  the  original  solution  will  correspond  to  the  acetic  add 
iu  the  sample.    Litmus  ]>aper  is  the  proper  indicator. 
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BOBIC    ACID    AI7D    BOBATES. 

Boric  aiihytirido  ]ij()3  =  ?0. 

I  22.  TiiE  soda  in  borax  loay,  according  to  Thomson,  lie  very 
accurately  eatimated  by  titrating  the  salt  with  standard  H^SCI^  and 
methyl  orange  or  lacinoid  iai)er.  Litmus  and  phenacetolin  give  very 
doubtful  end-reactions  :  pbenolphthalein  is  utterly  useless. 

ExAUPLB :  1'683  gm.  sodium  pyroborale  in  60  r.c.  of  water  required  in  one 
rase  16'7  c.c.  normal  acid,  and  in  a,  second  16'63  c.c.  Tbe  mean  of  llie  two 
represente 0-517  gm.  NbjO.    Theory  requireB 0516  gni. 

The  estimation  of  Itoric  acid  as  sucli,  formerly  presented  great 
^litliculties,  and  no  volumetric  method  of  auy  value  was  available. 

B.  T.  Thomson  has  removed  this  difficulty  by  flnding  a  method 
tiftsy  of  execution,  and  of  fair  accuracy  (J.  S.  (J.  I.  xii.  432). 

Heihod  of  Pbocesuse  :  To  delermine  boric  acid  in  article?  of  commerce 
it  is  necessary  to  use  methyl  orange,  to  which  indicator  buric  acid  is  perfectl.v 
neutral.  In  the  case  of  boric  acid  in  borax  1  K"^'  i"  dissolved  in  water,  methyl 
orange  added,  and  then  dilute  sulphuric  acid  till  the  pink  colour  just  appears. 
Itoil  for  a  abort  time  to  eii  el  CO^,  cool,  and  add  noniml  or  Sflh-normul  soda  till 
the  pink  colour  of  the  methyl  orange  (a  little  more  of  whidi  should  be  added  it 
necessary)  just  assumes  a  pure  yijllow  tinge.  At  this  slatfe  all  (he  boric  acid  will 
eiist  in  the  free  state.  Add  glycerin  in  such  proportion  that  the  total  Bolution 
ntter  titration  will  contain  30  per  cent,  at  least,  then  add  n  little  phenol phthalein, 
and  lastly  normal  or  fifth-normal  soda  free  from  COj  from  a  burette  until  a  per- 
manent pink  colour  is  produced.  More  glycerin  may  be  addel  during  llie 
Mtimation  if  it  is  found  nec^-saarj-.  The  proportion  of  boric  acid  present  is 
calculated  from  the  numb?r  of  c.c.  of  soda  consumed. 

1  C.C.  normal  NaOH:=00620  gm.  HjBOj 

1  c,c.       „  ..     -00505  gm.  IVajB.O; 

1  C.C.       „  „     =0'0955  gm.  NajBiOj-f  lOHjO 

In  the  case  of  boric  acid  of  commerce,  which  geneiBlly  contains  mlts  of 
ammonium,  1  gm.  may  be  dissolved  in  hot  iTater.  a  slight  excess  of  Kodiuui 
carbonate  added,  and  the  solution  boiled  down  to  about  lialf  its  bulk  to  expel 
ammonia.  Any  precipitat-  which  appears  may  then  be  filtered  off.  and  the 
tHttate  titrated  as  already  described. 

The  method  may  also  be  applied  to  boracite  or  borate  of  lime  by  di«solriii;r 
1  gm.  of  either  of  thesj  minerals  in  dilute  hydrochlono  acid  with  the  aid  of 
heat,  nearly  neutralizing  with  caustic  soda,  boiling  to  expel  COi,  coaling,  eiactly 
neutralizing  to  methyl  orange,  and  continuing  the  determination  as  in  borax. 
If  much  iron  is  present,  however,  it  should  be  removed  by  a  preliminary  treat- 
luent  with  sodium  carbonate,  and  removal  of  oxide  of  iron  as  ivell  ns  the 
carbonates  of  calcium  and  magnesium  by  filtration, 

L.  C.  -Jones  {Am.  J.  ,%  1898,  147-153)  has  based  a  uictliod  of 
titrating  boric  acid  which  depends  upon  the  fact  tJiat  when  a  solutiim 
of  the  acid  is  mixed  with  one  of  manuitol,  a  much  strotiger  acidic 
property  is  developed  from  the  Iwric  acid  tlian  it  naturally  possesses 
(a  similar  effect  occurs  with  glycerin),  and  further,  that  Ixiric  acid 
alone  in  solution  iu  moderate  amount  ha-t  not  the  slightest  actiiiii  on 
u  solution  containing  potassium  iodide  and  iodate.  Therefore,  if  a 
given  solution  containing  boric  acid  1ie  mixed  with  iodide  and  iiHlate, 
tlie  acid  set  free  by  addition  of  a  mineral  acid  and  the  free  iodine  so 
produced  exactly  destroyer!  by  thiosidphate,  there  results  a  colourless 
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liqui<l  uoiilaitiing  the  boric  aci<l  in  a  free  state  and  ready  to  be  titrated 
by  aiiy  convenient  metliod. 

MsTuan  oy  Pedceduse  :  The  solution,  about  60  c.c.  contaiiiiu^  the  boric 
contpouud and  about  Crl  gm.ot  boric  acid.iBacidifleddiRtinctlyirith  hydrochloric 
aad,  but  any  large  exceia  must  be  removed  with  soda.  5  c.c.  of  a  10  per-oent. 
solution  of  barium  chloride  are  then  added.  In  a  B?pBnt1e  beaker  the  iodide  and 
iodat«  mixture,  say  10  c.c.  ot  a  26  per-cent.  solution  of  iodide  and  the  eame  volume 
of  a  saturated  solntion  of  iodate.  together  with  stareh  indicator  is  placed— llie 

rinCity  mu»t  be  sufficient  to  liberate  an  amount  of  iodine  equivalent  at  least  ti> 
free  UCl  in  tliB  boric  solution  ;  the  colour  of  the  starch  iodide  which  is 
unuallv  ItbHrnM  from  this  mixture  is  removed  by  a  dilute  solution  of  sodium 
thiosulphate.  To  this  neutral  solution  of  iodide  and  iodale  a  single  drop  of  the 
boric  solution  is  added  by  a  fclaaa  rod  ;  if  a  blue  colour  occurs  it  is  evid;  nt  that 
the  boric  snlution  is  acid  witb  free  UCI  and  tbe  boric  acid  is  in  a  free  oondition. 
The  solution)!  are  then  mixed  and  the  free  iodine  removed  by  cautious  addition 
of  thiosulphate.  The  mixture  is  then  eolourleiw  and oontainsonlj starch,  neutral 
chloride,  potassium  teljatbionate,  iodide  an  I  iodate,  with  alt  the  BjOf  in  a  free 
state.     Any  CO,  will  have  been  removed  by  the  barium  chloride. 

The  titration  is  now  bef^n  by  adding  a  few  drops  of  phenol  phthaleii)  and 
'/e  caustic  soda  run  in  from  the  burette  until  a  strong  red  colour  is  ^own  : 
a  pinch  of  mannilol  is  then  thrown  in  which  bleaches  tlie  colour,  more  soda  and 
more  mannito]  are  iu  turn  added  until  the  colour  is  permanent.  As  a  rule  1  or 
2  gm.  of  mannitol  suffice  for  an  estimation.  The  amount  of  hfit  is  calculated 
on  the  assumption  tl»t  under  the  above  mentioned  oonditionB  1  mol.  of  the  acid 
requires  2  mol.  of  sodium  hydroxide.  Test  analyses  on  calcium  borate  and 
colemanite  gave  satisfactory  results  and  within  a  very  short  time.  Silicates  and 
fluorides  do  not  interfere,  but  ammonium  salts  miist  be  removed  by  boiling  with 
alkali  previous  to  adopting  tbe  process,  owing  to  their  w«ll  known  elfect  on  the 
indicator. 
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1  o(  2  gni.  of  the  dnely  powdered  material  are  mixed  with  6  to  10  c.c.  of  stronjr 
hydrochloric  acid  made  up  to  about  50  or  100  c.c.  with  water  and  digested  with 
stirring  for  several  houi^  at  ordinary  temperature.  The  process  may  be  hastened 
bj  heati[ig,  but  in  that  case  a  reflux  condenser  may  be  necesaan'  to  avoid  loss  of 
boric  acid.  In  either  case  the  liquid  la  filtered,  residue  washed  and  the  filtrate 
rendered  exactly  neutral  to  methyl  orange,  with  */o  soda  free  from  COj,  the 
volume  is  made  up  t«  I  or  200  c.c,  then  26  or  60  c.c.  mixed  with  the  same 
volume  of  absolutely  neutral  glyceriu,  diluted  somewhat,  then  titrated  with 
pheoolphthalein  and  ^/g  soda. 

Boric  Aoid  in  BOlk,  Batter,  and  other  Foods.— E.  T.  Thomson 
{Olatgow  City  Anal.  Soe.  kept:,  1865,  p.  3).  ]  to  2  gm.  of  sodium  hydrate  are 
added  to  100  c.c.  of  milk,aDd  the  whole  evaporated  Ui  dryness  in  a  platinum  dish. 
Tbe  residue  is  cautiously  but  thoroughly  charred,  heated  with  20  c.c.  of  water, 
and  hydrochloric  acid  added  drop  by  drop  until  all  but  the  carbon  is  diswilvod. 
The  whole  is  transfeired  to  a  100  c.c.  flask,  the  bulk  not  being  allowed  to  get 
above  60  or  60  c.c,  and  0'6  gm.  dry  calcium  chloride  added.  To  this  mixture 
a  few  drops  of  phenolphUialein  are  added,  then  a  10  per-cent.  solution  of  caustic 
soda,  till  a  permanent  slight  pink  colour  is  perceptible,  and  finally  25  c.c.  of  lime- 
wat«r.  In  this  way  all  the  P,Oi  is  precipitated  as  calcium  phosphate.  The  liquid 
is  made  up  to  100  c.c,  thoroi^bly  mixed  and  filtered  through  a  dry  alter.  To 
50  cc.  of  the  filtrate  (equal  to  60  c.c.  of  the  milk)  normal  sulphuric  acid  is  added 
till  tbe  pink  colour  is  gnue,  then  methyl  orange,  and  the  addition  of  the  acid 
continued  until  the  yellow  is  juHt  changed  to  pink,  ^/s  caustic  soda  is  now 
added  tall  tbe  liijuid  assumes  the  yellow  tinge,  excess  ot  soda  being  avoided.     At 
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coDditioD),  Mid  a  little  CO^  which  it  is  »bHliite1.vnece«WTV  to  e^lb;  boiling lor- 

a  lew  miDutee.  The  Bolution  is  cooled,  a  little  phenolphthiileiii  added,  Euid  as 
mach  glycerin  ta  vill  give  at  leaat  30  per  cent,  of  that  subatanoe  in  the  aolutian, 
then  titrated  with  "Is  csustiu  soda  till  a  distinct  permanent  pint  colour  is 
produced ;  each  c.c.  of  the  soda  is  equal  to  0~011!4  )<ni.  ciystallized  boric  acid. 
A  series  nf  eipedmenta  with  thia  pH>oe«  shnired  that  no  boric  acid  wu  pre- 
cipitated with  the  phosphate  of  lime  bo  long  as  the  solution  operated  upon  did 
Dot  contain  more  than  0  2  per  cent,  of  crystallized  boric  acid,  but  when  stronger 
solutions  were  t«sled,  irreguUr  resultJi  n'ere  obtained.  The  charring  of  (he  milk 
is  apt  to  drive  off  borio  acid,  but  by  carefully  carrying  the  incineration  only  so 
far  aa  is  necessary  to  secure  a  raridiie  which  will  yield  a  colourless  solution,  no 
appreciable  Iohb  occuis. 

There  is  no  doubt  tliat  COj  raus(  be  got  rid  of  in  titrating  boric  acid  wilb 
pbenolphthalein,  and  hence  it  is  necessary  to  boil  (he  solution.  Some  operators 
therefore  do  thia  in  a  fla-ili  with  upright  Sondeneer  to  avoid  the  low  of  boric  acid. 
It  is  doubtful,  however,  whether  by  this  confined  escape,  the  gas  is  got  rid  of  as 
easily  aa  U  thought.  L.  de  Koningh  (J.  An.  C.  S.,  1697, 3tJ5)  gives  the  results 
of  experiments  made  in  thia  matter,  and  shows  that  a  dilute  solution  of  the  acid 
maj  be  boiled  even  up  to  fifteen  minutes  in  an  open  vessel  (which  is  longer  than 
necessary),  with  the  loss  of  a  verj-  faint  trace  of  the  acid.  The  same  operator 
also  advocates  the  removal  of  phoB]ihoric  acid,  which  in  nearly  always  present  in 
foods,  by  adding  a  light  excess  of  sodium  carbonate  to  the  boric  acid  liquid,  then 
cautiously  adding  oilciuu  chloride ;  this  precipitates  any  phisphateand  the  eioess 
of  carbonate,  while  the  borate  in  very  dilute  solution  is  not  affected.  On  now 
adding  a  solution  of  ammonium  carbonate  containing  an  eicess  of  free  ammonia 
the  excess  of  lime  is  precipitated.  By  boiling  the  clear  solution  with  exoeas  ot 
sodium  carbonate  the  ammonium  oompounds  are  quickly  expelled,  and  tlietitratJoa 
may  be  carried  on  ai  before  described. 

A  new  process  !■<  also  described  in  the  same  article  by  which  the  boric  acid  may 
be  estimated  after  the  removal  of  the  P,0(  by  means  of  magnesium  mixture ;  tbe 
filtrate  is  mixed  with  excess  of  sodium  carbonate  and  heated,  the  precipitate  of 
magnesia  is  removed  by  Gltrstion,  the  filtrate  evaporated  to  dryness  to  render  the 
rest  of  the  magnesia  insoluble,  and  tlie  residue  is  then  treated  with  a  little  water 
and  filtered.  The  boric  acid  ma;r  then  be  titrated  accoriing  to  Thomson's 
glycerin  metiiod.  As  >  test  experiment,  01  gm.  of  boric  acid  was  dissolved  ia 
aqueous  soda,  then  mixed  with  100  gm.  of  oatmeal  and  incinerated  ;  from  the  ash, 
0*095  gm.  of  boric  acid  was  recovered. 

A  rapid  method  for  estimating  boric  acid  in  butter  has  been  worked  out  by 
H.  Droop  Richmond  and  J.  fi.  P.  Harrison  {Analifil  xxvii,  179).  25  gm. 
of  the  butter  are  weighed  out  into  a  beaker,  and  26  c.c.  of  a  solution  containing 

6  gm.  of  milk  sugar  and  4  c.c.  of  normal  sulphuric  acid  in  100  c.c.  are  added. 
The  beaker  is  placed  in  the  water  oven  until  the  fat  has  just  melted  and  the 
mixture  is  well  stirred.  After  allowing  the  aqueous  portion  to  settle  for  a  few 
minutes  20  c.c.  pipetted  out,  a  little  pbenolphthalein  added,  brought  to  the  boiling 
point,  and  titrated  with  semi-normal  caustic  soda  until  a  faint  pink  colour  just 
appears.  12  c.c.  of  ueutral  glycerin  are  now  added,  and  the  further  titration 
carried  on  till  a  pink  colour  appears.  The  difference  between  the  two  titra- 
tions multiplied  by  0-0868  gives  tbe  amount  of  boric  acid  in  20  c.c,  and  tliis 
maltiplied  by 

100  +  percentage  of  water  in  the  butler 


For  the  estimation  of  liorio  acid  in  meat  C.  Freseiiius  and  G.  Popp 
(Chein.  Cenfi:,  1897,  ii.  69)  adopt  the  following  metliod  witli  good 
results  : — 

10  gm.  of  the  chopped  meat  is  triturated  in  a  mortar  with  40  to  KO  gm.  of 
anhydrous  sodium  sulphate,  and  dried  In  the  water  oven ;  the  mass  is  then  finely 
powdered,  if  necemary.  with  the  addition  of  more  sodium  sulphate,  inlroducnl 
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into  a  300-c.c  Erlenmeyer  flask,  aad  lOU  o.c.  of  methylic  aloobul  fuldeti.  After 
-nbukling  for  twelve  boun,  Uie  akofaol  is  distilled  off ;  60  c.c,  more  methvlic 
alcohol  UK  poured  on  to.  the  residue,  and  this  ia  agaio  diuttUed  off.  The  distillate 
ii<  Roally  made  up  with  lueEhylic  alcohol  to  150  cc,  and  50  c.c.  of  this  are  iniied 
with  60  c.e.  of  water  and  50  c.c.  of  50  per-ceiit.  xljecriii  solution  ooiitAioinK 
phenolphthaleiu,  and  carefully  ueiitnilized  with  soda ;  after  thorouKhly  inixinK 
the  liquid,  it  is  titnted  with  "/go  soda,  1  f.e.  ot  «oda<-0-0031  gin.  of  rrvstalltsed 
boric  acid. 

OABBOIfIG    AOID    AHD    CABBOITATSS. 

§  23.  Au.  carbonates  ar<i  ik'i'ouijKwml  by  strung  at' idd  ;  the  carl>utiic 
nriii  which  is  liberated  Miilits  up  iiito  water  ami  carlmiiic  anhjtlriilo 
(COJ,  wliicli  Uth'.r  esoaixsa  in  tlio  gaetnnw  form. 

It  will  Im'  I'cadily  aeeu  fruiii  what  has  Ixwii  mid  {iriiviiiiiHly  tin  t<>  thi* 
vi^tiiuatiou  of  the  alkaliiiu  earths,  tliat  carlHiiiic  aciil  in  cumbiiutioii 
<-an  l)e  estiumtt-il  voh  i  metrical  I  v  witli  a  vcrv  lii((b  dt-jprc  ipf  accuracv 
<»ee  §18).  '  '  ■  ' 

Tlie  carWiii:  ai'iil  tci  Ix;  eMtiinatutl  luuy  Iw  brou^flit  into  cuinbiiiatiuii 
witli  citlier  calcium  or  barium,  tlieite  itoHva  a<Imittiiig  <jf  tlie  linu(>st 
combi  nation  as  ni.'utral  car1)oi3atfi<. 

If  tlie  c'urlMinic  acid  exist  in  a  Hiilnbk  form  a»  an  alkaline  iik.iiio- 
carhonate,  the  deconiiiu.-iitioii  in  etfi.'cte(l  )iy  the  addition  of  Iiaiium  or 
4;jlciuin  chloride  an  befoiti  ilirettt-il  ;  if  as  liicarboiiate,  or  a  compouiKl 
iiutween  tliu  twi),  auimunia  must  Ik'  added  witli  t'ither  td  tJie  tdiloridux. 

As  solution  of  ammonia  fn.'(]uentl_v  (contains  traces  of  C'l  In,  thiH  mUHt 
1j.'  I'emovi'il  li_v  the  aid  of  Iwvinm  or  calcium  chloride,  ]in'vions  to  use. 

1.     Carbonates  Soluble  in  Water, 

It  in  iieceasary  to  wmuniber,  tlint  when  calciuin  chloride  is  uw'd 
lis  the  |)reeipitant  in  the  cold,  amorphuiia  calcium  carbotiatc  iii  firnt 
formed  ;  and  as  tliia  couiixiuud  is  sensibly  soluble  in  water,  it  is 
necessary  to  convert  it  into  tlip  cn-stalliuB  form.  In  the  alisoncK-of 
free  ammonia  this  can  Im^  accoinplislied  by  boilinft-  When  ammonia 
is  present,  tlie  same  end  is  olitained  by  allowing  tlie  mixture  to  stand 
for  eight  or  tt>n  hours  in  the  cold,  or  by  heating;  for  au  hour  or  two  to 
70-80''  C.     Witli  barium  tlic  pn'j;iijitution  ia  riigular, 

Anotiicr  fact  is,  that  wlien  ammonia  is  pi-cseut,  and  the  preei]iitation 
occurs  at  ordinary  tem])emtiin-s,  ammonium  carlnniati-  is  formed,  and 
the  barium  or  calcium  carbonate  is  only  i«rtially  [ircci  pita  ted.  TJiis 
is  overcome  by  heatiuK  the  mixture  to  near  iHiiliiig  for  a  <'oii|ih'  of 
hours,  and  is  best  done  liy  ])a»siu<r  the  neck  of  tlic  t1a»k  tlirougli 
ji  retort  rin;;,  and  immri'siii^r  tlie  flask  in  boiling  wat^T. 

When  caustic  alkali  is  present  in  the  substance  to  be  examined, 
it  is  advisable  to  use  liarinm  as  the  prcciiiitant ;  otberwise,  for  all 
volumetrie  iistiioations  of  Cn^  calcium  is  to  Is.'  ]ireferred,  because  the 
]ii-cci|)itate  is  much  more  ijutckly  and  jwrfectly  \vaslLed  than  the  Ijariiim 
<'omiH)und. 

Example  :  1  tn"'  of  P*'re  anhydrous  sodium  carlraiiate  nan  diesolvM  in  nntfr, 
precipitated  while  hot  with  barium  chloride,  (he  precipitate  allowed  to  settle  well, 
the  clear  liquid  decautetl  throiii^h  a  moist  filter,  more  hot  water  conlaininf;  a  few 
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drops  o(  ammonia  poured  over  the  precipitate,  whicb  was  repeatedly  done  so  that 
the  bulk  ol  the  precipitate  remained  in  the  flask,  being  washed  by  decantntioQ 
through  the  filter ;  when  the  washjoffs  nhowed  no  trace  of  chlorine,  the  filter  nan 
tranarerred  to  tlie  flask  containing  the  bulk  of  the  precipitate,  and  20  c.c.  of 
normal  nitric  acid  iidded,  then  titrated  with  normal  alkali,  of  which  1'2  c.c.  was 
required—  18-H  c.c.  of  acid ;  this  multiplied  by  0*i)33,  the  coefficient  for  carbonic 
acid,  gave  0-4136  gm.  00^  =  41-36  per  cent.,  or  multiplied  by  0'053,  the  coefficient 
for  sodium  carhonate,  gave  09964  gm.  instead  of  1  gm, 

2.    Carbonates  Soluble  in  AoicUi. 

It  sometimea  occurs  that  substaiice.s  liave  to  lie  esauiined  for  cai'- 
liouie  aciil,  which  do  not  admit  of  Ijeing  treated  as  alM>ve  descriiwd  ; 
Hticli,  for  instance,  as  tlie  carlxtnates  of  the  nictatlic  oxides  (white  lead, 
calamine,  etc.),  carbonates  of  m^ncsia,  iron,  and  copjier,  the  estimation 
of  carbonic  acid  in  cements,  mortar,  and  many  other  substances.  In 
these  cases  the  carbonic  acid  must  be  evolved  from  tlie  combination  by 
means  of  a  stronger  acid,  and  conducted  into  an  absorption  apjiaratus 
containing  ammonia,  then  precipitated  with  calcium  clUoride,  and 
titrated  as  before  described. 

The  following  form  of  ajiparatus  (fig.  34)  affonls  satisfactory  results. 


MsTROD  OF  PnocGDURE:  Tlie  weighed  substance  from  which  the  carbonic 
acid  is  to  be  evolved  is  placed  in  6  with  a  little  water ;  the  tube  d  contains  strong 
hydrochloric  acid,  and  c  broken  ghiss  wetted  with  amnionin  free  from  carbonic 
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Boiit.  The  tiask  a  is  sbout  une-ei){hlb  filled  with  llie  mme  Hmmonn ;  the  bent 
tube  must  not  enter  the  liquid.  When  nil  is  resdy  and  the  corks  tight,  warm  the 
flwik  a  Kently  su  »  to  All  it  with  vapour  at  unmoma.  then  opeu  the  clip  and  alloir 
tbe  ftcid  to  flow  circumspectly  upon  the  DuleriRl,  wbidi  may  be  heated  until  all 
Cftrbonic  acid  it  apparenlly  driven  off ;  then  byboiling  and  shaking  the  last  tracen 
can  be  evolved,  and  the  operation  ended.  When  cool,  the  apparatus  nay  be 
opened,  the  end  of  the  bent  tube  wsdied  int«  a,  and  also  a  good  quantity  ot  boiled 
distilled  wat*r  pssned  through  r,  so  as  to  carry  down  any  ammonium  inrbonat« 
that  may  have  formed.  Then  add  solution  of  calcium  chloride,  boil,  filter,  and 
titrate  the  precipit*te  a.s  before  described. 

During  the  filtration,  and  while  ammonia  is  prexent,  tliere  is  a  great  avidity  for 
carbonic  aoid,  therefore  boiling  water  should  be  used  for  irashiiig,  and  (he  funnel 
kept  covered  with  a  small  gla»i  plate. 

Ill  many  instances  CO^  may  \»  eatimftted  by  its  eqiiivaieiit  in 
clilorine  with  */io  silver  anil  chrnmatc,  &x  in  g  42. 

3.     Carbonic  Aoid  Gas  in  Waten,  eto. 

Thu  carbonic  aciil  e.xiittiiig  in  waters  aa  neutral  carl>onates  of  the 
alkalies  or  alkaline  earths  may  very  elegantly  and  readily  Im  titrated 
directly  by  f/,o  acid  {sec  §  18.5). 

AVell  or  spring  water,  and  also  mineral  waters,  containing  free 
carboniu  acid  gas,  can  lie  examined  by  collecting  measureil  quantities 
(if  them  at  tjieir  som-ce,  in  bottles  containing  a  mixture  of  calcium 
and  aminoniuni  chloride,  afterwanlH  beating  the  mixture  in  lulling 
water  for  one  or  twn  limirs,  and  titrating  the  ]ireci|ntate  as  before 
descrilicd. 

I'ettenkofcr'fi  metbuil  with  caustic  liarj-ta  or  lime  is  in  general 
use.  IJme  water  may  lie  used  instead  of  baryta  with  equally  good 
results,  but  care  must  be  taken  tlmt  the  precii)itate  is  crystalline. 

Tbe  ]>rinci])le  of  the  method  ia  that  of  renioving  all  the  carlwnic 
acid  from  a  solution,  or  from  a  water,  by  excess  of  liaryta  or  lime 
water  of  a  known  strength  ;  and,  after  aloorption,  finding  the  excos.s 
of  liarj'ta  or  lime  by  titration  with  "^/m  acid  and  turmeric  paper. 

The  following  course  is  the  best  to  be  pursued  in  tliis  metJiod  for 
ordinary  drinking  waters  not  containing  largo  quantities  of  carlKmie 

Method  of  Phocedure  ;  100  c.c.  ot  the  water  are  put  into  a  fiask  with  3  c.c. 
of  strong  solution  of  c»lcinm  or  barium  chloride,  and  2  c.c.  of  wturaled  ,«olution 
of  ammonium  chloride ;  -15  c.c  of  baryta  or  lime  water,  the  strength  of  which  is 
previously  awertaiiied  by  menn?  of  decinormal  acid,  are  then  added,  tbe  flask  well 
corked  and  put  aside  to  settle ;  when  the  precipitate  is  fully  subsided,  lake  out 
30  c.c.  of  tlie  clear  liquid  with  a  pipette,  and  let  this  be  titrated  with  decinormal 
acid.  The  quantity  required  must  be  midtiplied  by  3  for  the  total  baryta  or  lime 
solution,  there  being  60  c.c.  only  taken  ;  the  number  of  c.c.  so  found  must  be 
deducted  from  the  original  quantity  required  for  the  baryta  solution  added ;  the 
remainder  multiplied  by  0'0022  will  give  the  weight  of  carbonic  add  enlisting  free 
and  as  bicarbonate  in  the  100  c.c. 

The  addition  of  the  barium  or  calcium  chloride  and  ammoiuum  chloride  is 
made  to  prevent  any  irre^larily  which  might  arise  from  alkaline  carbonates  or 
mUphales,  or  from  magnesia. 

A  more  accurate  method  of  estimating  the  COg  in  its  various  states 
of  existence  in  drinking  waters  lias  been  used  for  some  years  past.  It 
is  described  by  €.  A.  Soyler  (C.  X.,  1^94  ;  AnaJyi^,  1897,  p.  312). 
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Whatever  may  reallj'  Iw  the  condition  under  which  COj  exists  in 
natural  waters,  and  alioiit  which  there  is  difference  of  opinion,  it  is 
eufHcient  for  all  practical  pnriMised  to  asxiiiue  tliat  it  occiita  in  three 
forma,  namely  :  first,  as  monocarbonates  of  alkalies  or  alkaline  earths  ; 
Beeoiiil,  as  liicarbonates  of  tJie  same ;  and  tliirti,  as  completely  free 
COj.  Seyler  proposes  to  diatinguisli  the  first  as  fixeil  and  the  two 
others  as  volatile  CO^,  inasmuch  as  tliat  the  gas  exinting  as  bicarhonate 
may  almost,  and  the  free  gas  com|iletely,  be  diwpellwl  l>y  boiling.  On 
the  assumption  that  the  half-bound  aciti  (i.e.,  as  bicarbonate)  is  equal 
to  the  combined,  t)ie  free  CO^  may  be  estimated  by  subtracting  the 
combiued  from  the  volatile  as  found  by  Petteukofer's  process — this, 
however,  is  inaccurate  with  small  quantities  and  tetlioua.  AVliat  is 
re<iuireil  is  a  nietlnxl  of  c.-itimatiiig  tlie  free  CI  \  intlependeutly. 

Peltenkofer's  method  has  been  modifled by  Trillich,  Lunge, and  Sejler, 
and  the  raodificatioiia  have  been  carefully  investigated  by  Ellma  and  Beneker 
(J.  Am.  C,  S.xxm.405),  and  tlipy  come  to  the  conclusion  that  Seyler 's  meth:d 
is  tbe  most  accuiate. 

Tlic  essential  details  of  the  pi-ocess  are  as  follows  : — 

The  free  carbonic  acid  ia  determined  by  placing  100  c.c.  of  the  sample  in  a  glass 
cylinder  nitli  26  to  30  drops  of  a  neutral  solution  of  phenolphtbalein.  To  tlie 
samjile  is  then  added  '*/ao  sodium  carbonate,  slirring  carefully  and  thoroughly 
until  a  faint  permanenl  pink  culoiu  ia  obtained. 

METiion  OF  Procedure:  1,  The  titration  can  oonveniently  take  place  in 
a  Nesster  cylinder,  approximately  18  cm.  long  by  3  cm.  in  diameter,  gt«dua(ed 
for  50  and  100  c,c.  The  stirring  rod  ia  bent  at  its  lower  end  into  the  form  of 
a  circle,  and  then  turned  m  as  te  stand  at  right-angles  to  tlie  rod.  .A.  comparison 
cylinder  containing  the  same  amount  of  water  as  there  was  in  tlie  titrating 
cylinder,  is  found  to  aid  in  the  determination  of  the  end-point. 

2.  The  Ltrger  part  of  the  sodium  carbonate  solution  should  be  added  quickly, 
and  the  strong  pink  colour  formed  should  be  discliarged  by  etirring  and  mixing 
with  the  rod.  The  titration  can  then  be  cautiously  completed,  until  colour 
remains  permanent.  Tbe  sodium  carbonate  nolution  should  be  prepared  witli 
freshly  ignited  aodium  carbonate,  and  with  air-free  water.  The  exposore  of  this 
solution  to  the  air  should  be  avoided  as  much  as  poadble,  as  sodium  bicarbonate 
is  readily  formed,  which  reiuleLT  it  useless  for  this  titration  where  iiccurate  results 

3.  With  waters  lliat  are  high  in  free  and  half-bound  carbonic  acid  it  is  better 
to  use  less  than  100  c.c.  for  the  titration.  With  such  a  water,  care  Is  necessary 
in  transferring  the  sample  to  the  cylinder  in  order  to  avoid  loss  of  COi.  Too 
vigorous  stirring  of  the  water  is  also  to  be  avoided  for  the  same  reftson. 

The  fixed  carbonic  aciJ,  fmm  which  the  half-honnd  acid  is  estimated,  is  deter- 
mined according  to  the  method  of  Hehner  (§  18.5).  Seyler  u.'ies  methyl  orange 
as  the  indicator  for  this  titration,  but  lacmoid  is  prefemble. 

In  the  absence  of  free  CO,  in  a  water,  the  half-bound  may  e<iual  the  fixed,  in 
which  ea.-*  it  wonld  be  neutral  to  plienolphthalein.  If,  however,  tlie  water  ia 
alkaline  to  phenolphthaleiu.  the  half-hound  CO;  does  not  equal  tlie  Sxed ;  or,  in 
other  words,  a  portion  of  the  carbonates  of  the  bases  exist  in  snhition  without  tlie 
anittance  of  any  half-hound  COj.  lu  such  a  case  the  half-bound  acid  is  obtained 
by  first  determining  the  fixed  CO}  by  means  of  lacmoid.  From  this  is  deducted 
an  amount  of  CO::  equal  to  twice  tlie  quantity  indicated  by  the  acid  required  to 
discharije  the  puik  colour  produced  by  pheiiolphthalein.  Tlie  difference  is  the 
amount  of  hftlf-bound  COj  which  is  present.  These  titiatious  may  be  made  on 
the  rame  sample,  in  whidi  case  the  "  phenolphthalein  alkalinity"  is  Brst  determined, 
and  then  followed  by  tlie  titration  with  lacmoid ;  or  they  may  be  made  on  separate 
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The  principlea  upou  which  the  above  procedure  ifl  bw*d  h«¥e  been  pointed 
out  abow. 

These  litnilions  invoke  no  especial  difficulties,  and  can  be  euily  and  quickl.v 
(arried  out.  '"/ao  soUilions  of  sulphuric  acid  and  sodium  carbonate  were  usetL 
bj  Ibe  exjieriinenters.  Seyler  has  prepared  a  «eriee  of  TonnulH!  for  calcubtinK 
the  results,  wliich  simplifies  the  work  somewhat.  If  results  are  obtained  with 
100  CO,  of  the  sample  and  the  reagents  employed  are  */bo,  the  fullowui^;  formuln; 
eipresa  the  results  in  parts  per  million  ; — 

I.  For  waters  acid  or  neutral  to  pherolphthaleiii  :  — 
Free  carbonic  acid    ..  ..  ...  ...     -V4p 

Fixed  or  half-bound  carbonic  acid  ...     =  4'4  m 

Vobitile  carbonic  acid  ...  ...  ...     =ii(m  +  ji) 

Total  carbonic  acid  ...  ..  ...     =i-4  (2m  +  p) 

p-^CQ.  "/bo  sodium  carbonate  solution  required  to  produce  a  pink  colour  nilh 

phenol phthalein  in  100  c.c,  of  tlie  water ;  and 
fn^-cc  '*/flo  sulphuric  acid  solution  required  to  obtain  the  end-point  with  methyl 

orant.'e  or  lacmoid  in  the  same  volume  of  water. 

II.  For  waters  alkaline  to  phenolplithalein  :— 

Fixed  carbonic  acid  ...  ...      =1-4  m 

Half-bound  or  volatile  avrbonic  acid    ...  ...      =4'4  (•a  —  2p') 

Total  carbonic  acid  ...  ...  ...     =44  {2m— p')    ' 

<n  — c.c.  ^/bo  sulphuric  acid  solution  required  \o  obtain  eud-point  with  methyl 

orange  or  lacmoid  in  100  c.c.  of  the  sample. 
j/=c.c.  */g6  sulphuric  acid  required  to  dischaix^  the  pink  colour  produced  by 
phenolphthttlein  in  100  c.c.  of  the  sample. 
There  is  a  third  case  in  which  free  C0|  rai^t  exist  in  a  solution  contsinin); 
free  mineral  acid,  and  for  which  Sejler  has  given  a  method  with  its  corre- 
BpondiuK  fonnulEe  for  calculating  the  result)'.  Bui  such  a  condition  would  seldom 
be  found  in  natural  waters. 

The  errore  affecting  the  accuracy  of  Seyler's  raelliod  are  those  which  arise  In 
part  from  the  determination  of  the  free  CO^,  The  end-point  in  the  titration  of 
the  sample  willi  sodium  carbonate  and  phenolphthalein  is  not  entirely  satisfactory. 
The  results  obtained  are  usually  low,  but  with  care  and  practice  the  error  from 
this  source  should  be  less  than  2  to  3  parts  per  million,  even  with  considerable 
amounts  of  COj,  and  on  small  amounts  it  is  less  stilL 

The  error  due  to  the  determination  of  the  fixed  carbonic  acid,  from  which  the 
half-bound  is  derived,  ariiiee  from  those  errors  involved  in  the  carrying  out  of 
Hebner's  method,  and  which  in  good  work  ought  not  (o  exceed  1  to  2  parts 
per  million. 

4.    Carbonio  Aoid  in  Aerated  BeTerages,  etc. 
For  ascertaining  the  quantity  of  COj  in  bottled  aerateJ  waters,  audi 
a.'<  R(k)(1,  seltzer,  }K>taRH,  and  uthert;,  the  following  apparatus  is  useful. 

Fig.  35  is  a  brass  tube  made  like  a  cork-borer,  about  live  inches  long,  having 
four  small  holes,  two  on  each  side,  and  about  two  inches  from  its  cutting  end  ; 
the  upper  end  is  securely  connected  with  the  bent  tube  from  the  absorption  disk 
(Hg.  38)  by  means  of  a  vulcanized  tube ;  the  flask  contains  a  tolerable  quantity 
of  pure  ammonia,  into  which  tlie  delivery  tube  dips  ;  the  tube  a  contains  brokeii 
ghiss  moistened  with  ammonia. 

Everything  being  ready  the  br%<(s  tube  Is  greased,  and  the  bottle  being  lield  in 
the  right  hand,  the  tube  is  screwed  a  little  aslant  through  the  cork  by  turning 
the  bottle  round,  until  the  holes  apjwar  below  the  cork  and  the  gas  escapes  into 
the  dask.  ^Vheu  all  visible  action  has  ceased,  after  the  bottle  lias  b^n  well 
shaken  two  or  three  times  to  evolve  all  the  gas  that  can  be  possibly  eliminated, 
the  vessels  are  quietly  disconnected,  the  tube  a  n'ashed  out  into  the  Oa^k,  and  the 
contents  of  the  bottle  added  also ;  the  whole  is  then  precipitated  with  calcium 
chloride  and  bailed,  and  the  precipitate  titrated  as  usual.  This  gives  the  total 
CO,  free  and  combined. 

T\j  find  the  quantity  of  the  latter,  another  bottle  of  the  same  manufacture 
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iQii8(  be  evaporated  to  dryness,  and  the  residue  gently  ij^Dited,  then  titrated  witli 
normal  acid  and  alkali ;  the  amount  of  CO,  in  the  mouocartwoAte  deducted  from 
the  total,  will  give  the  weight  of  free  gas  ori^nally  present. 

The  volume  may  be  found  as  tollows :— luoO  c.c.  of  CO,  at  0°,  and  76  m.m., 
weigh  lf>6663  gm.  Suppose,  therefore,  that  the  total  weight  of  COj  found  in 
n  bottle  of  ordinary  soda  water  was  2'8  gm.,  and  the  weight  combined  with  alkali 
U-42  gm.,  this  leaves  2-38  gm.  CO.  in  a  free  state— 


1-96663  ; 


»-38   : 


1000  : 


c==1210c.c. 


If  the  imiulier  of  c.c.  of  earljoiiic  acid  found  ia  divided  hy  tlic 
luimber  of  t.c.  of  soda  water  contained  in  the  bottle  examined,  tho 
■  inotient  will  he.  the  volume  of  gaa  cotiijiared  witli  that  of  the  aoda 
water.  The  volume  of  the  contents  of  the  bottle  is  ascertained  by 
marking  the  height  of  the  fluid  previous  to  making  the  experiment ; 
the  Iwttle  is  afterwards  tiUe<t  to  the  aame  mark  with  water,  emptied 
into  a  graduated  cylinder  and  measured  ;  say,  the  volume  was  292 
c.c,  therefore 

™?=414vol..CC., 


5.    Carbonic  Acid  In  Air. 

A  dry  glasH  glolio  or  iKittle  cajiable  of  Iwing  securely  closed  by 
H  rubber  sto]>]*r,  and  holding  4  to  6  liters,  is  tilled  with  the  air  to 
be  tested  by  means  of  a  Iwllows  asiiirotor ;  baryta  or  lime  water, 
enntaining  a  little  Inriuin  chloride,  is  then  introduced  in  coni'enient 
<|uantity  and  of  known  strength  as  compared  with  "/loo  acid.*  The 
vessel  ia  securely  closeil,  ond  the  liquid  allowed  to  flow  round  the  sides 
at  iiitervab)  during  half  an  hour  or  more.     When  absorption  is  jndgcil 
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t«  be  coiii|>lete,  the  alkaline  solution  ia  emiitiei!  out  <iuiL-kh-  into  u 
stoppered  bottle,  and  the  exce»i  at  once  aacertaiiieil  in  a  uieosured 
jKirtion  by  *'/ioo  oxalic  or  hydrochloric  aciil  and  tumieric  jiaper  as 
described  in  ^  15.9.  The  final  calculation  ix  of  course  inatle  on  tlie 
total  alkali  uhginally  used,  and  iii>on  the  exact  nieasurciiieut  of  the 
air-collecting  vessel. 

It  is  above  ali  things  necessary  to  jiiiivent  the  ubsoqrtioH  of  COj 
from  cstTaneous  sources  during  the  exjieriment,  especially  from  the 
breatli  of  the  ojierator.  The  error  may  be  reduced  to  a  luininium  by 
carrying  on  the  titration  in  the  vessel  itself,  which  is  done  by  fixing 
an  accurately  graduated  jiipette  through  the  cork  or  caoutchouc  stopper 
of  tiis  air  vesflel,  to  the  upper  end  of  which  is  attached  a  stotit  piece 
of  elastic  tube,  closed  witii  a  pinch-cock  :  and  this  being  filled  to  the 
0  mark  with  dilute  standard  aci<l  acts  as  a  burette.  The  barj-ta  or 
lime  solution  tinted  with  phenolphthalein  is  placed  in  the  air  bottle 
which  must  bo  of  colourless  glass,  and  after  almorjitiou  of  all  Cf.)^, 
8  of  alkali  is  found  liy  running  in  the  acid  mitil  the  colour 


The  cork  or  stopjjer  must  have  a  second  o]H'niiig  U>  a<'t  ii."  ventilator  ; 
a  smaU  piece  of  glass  tube  does  very  well. 

If  a  fresldy  made  solution  of  oxalic  aciil  is  iised  contaiiung  :J-8636 
gill,  per  liter,  each  c.c.  represents  1  nigm.  C(  'j.  Tlie  liquid  holds  its 
stn'iigth  cinTcctly  for  a  day,  and  can  !»  made  an  re(|uired  fmni  a  strong 
solution,  say  28'636  gin.  [ler  liter. 

Another  method  of  calculation  is,  to  convert  the  volume  of  Imiyta 
solution  decomjioscd  uito  its  equivalent  volume  in  "Vio  "C'd,  1  c.c.  oi 
which  =  0-0022  gm.  CH^  or  by  measui-ement  at  0"  C.  and  760  m.m. 
pressure  re]tn'«eut3  1'119  i:.c.  The  nietlioil  alwive  dc«'.ril>ed  is  a  com- 
bination of  those'of  i'ettenkofer  and  l>aIton,  and  though  niiich 
used;  is  liable  to  considerable  error  from  various  causes. 

These  erroin  liave  iK'en  examined  by  Letts  and  lilake  (/'i-c-.  C'heii). 
Soc.  1896,  192),  more  especially  as  U>  absorbing  the  Cdj  by  larjta 
from  a  sample  of  air  collected  in  a  glass  vessel,  and  titrating  with 
acid,  and  sliow  tliat,  in  addition  to  the  more  obviims  smnres  of  error, 
the  action  of  the  alkaline  abs«irbcnt  on  the  glass  is  one  of  iuii>ortance. 

Ill  onler  to  avoid  it,  they  coat  Iwth  the  reci'iver  containing  the  air 
sample  and  the  bottle  linlding  the  stock  of  standard  solution  of  Imryta 
with  panilWn  wax.  Ilv  this  means  they  at  mice  obUiJued  moi'e  con- 
cordant i-esidls  in  a  scries  of  doti'i-niinutirin^,  Thev  thcti  piiicei-ilwl  to 
test  the  degree,  Ixitli  of  accuracy  and  of  dchcacy.'of  I'ettenkofer's 
pixicess  if  carried  out  with  all  the  aviiilable  precautions  which  suggested 
themselves.  For  this  purpose  they  employed  paraffined  receiving 
vessels,  an  apparatus  for  i>erforining  the  titmtions  in  a  vacuum,  and 
bnrettcs  of  special  construction.  In  addition,  an  apjmratus  was  used 
for  delivering  verj-  accurately  measured  volumes  of  imi*  carlwiiic 
anhydride  infj  known  volumes  of  air  previously  freed  fmm  that  gas. 

Ex]>erimenting  with  such  mixtures  of  the  two  ns  occur  in  air, 

•  Some  opemloTB  prefer  a  BUndanl  miiture  o(  runalic  aodn  or  cotash,  coiitainiiiB:  Eome 
liuluiD  chloride  bi  the  bscTta  or  lime BolutiOD.  This  is  sdi^pleil  bj  Symousutid  Steiibeua 
with  uetUi  uad  u  contrJ.  The  method  uied  by  them,  a.jd  whieU  givea  eicel^nt  reiidlB, 
ia  eipUined  io  t'jeir  voluminous  paper  oonlributod  lo  J.  C.  S.  Tmw.,  ITOS,  pp.  BSe.881. 
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cuiitaiiiing  about  3  vols,  of  COg  in  10,000,  the  authom  ahow  that 
with  careful  work  tlie  meaa  error  in  the  iletermiiiationa  neetl  not 
exceed  -  0-04  jiart.  The  actual  quantity  of  C(.)j  added  to  each  receiver 
full  of  air,  in  a  series  of  five  experiments,  aiufuniteil  to  0'927  c.c. ;  tlie 
mean  amount,  found  to  be  0'916  t.o.,  giving,  therefore,  a  mean  error 
of-0011  C.C. 

They  thus  show  that  I'ettcukofer's  proi:ess,  if  suitably  [wrformed, 
ia  one  of  great  accuracy  and  delicacy. 

A.  II.  Uill  in  a  report  from  the  Sanitary  and  lias  Analysis  La1>ora 
tory  of  the  Teclinical  Institute  at  lioston,  I'.S.A.  {Analyd  xvii.  184), 
gives  a  somewhat  modified  arrangement  of  the  I'ettenkofer  method. 
Ordinary  gi'een  glass  l>oClles  of  one  or  tivo  gallon  capa<^ity  are  measured 
with  water,  and  the  contents  in  c.c.  aweilJiineil  ])ref('raljly  by  weigliijig 
on  a  gootl  balance. 

The  bottles  are  ilried  before  l>eing  used,  this  may  easily  be  done  by 
rinsing  first  with  alcohol  or  methylated  spirit,  draiiiing,  then  rinsing 
with  ether,  and  after  again  draining  the  liottle  is  (juickly  <lried  by 
bloiring  air  through  it  with  the  ordinary  Liltoratory  lielluws.  If  this 
plan  is  not  used  they  must  l>e  drie<l  after  drainiug  well,  in  a  warm 
closet.  A  special  form  of  bellows  for  tillinj;  the  iMttth;  with  air  is  useil 
by  Gill,  but  the  usual  as]>irator  made  on  the  aei'ordion  jiatten)  suffices, 
or  a  small  fan  blower,  tlie  driving  |>arts  of  which  are  cnnnected  liy 
rubber  lands  to  n-nder  it  noiseless,  may  be  nwd. 

The  bottle  is  fitted  with  a  nibber  stojipcr  carrying  a  gla.*s  tube, 
closed  by  a  plug  of  solid  niblMT. 

The  air  to  1«  tested  is  drawn  into  the  bottle  by  rei)eated  use  of  the 
aspirator  so  as  to  collect  a  i-eprosentative  sample,  and  if  the  tcsl:  is 
made  in  a  room  everything  fliouid  be  quiet,  and  care  nmst  be  taken 
to  avoid  draugbts  or  the  proximity  of  a  numlier  of  persons. 

Mbthou  of  PuocEUl'UE  :  so  c.c,  of  tbe  Btaiidard  barium  liydrate  are  ma  iuto 
the  bottle  mpidly  rrom  a  burette  (the  tip  ptuixiti^^  entirely  llirou^'li  llie  tube  iu 
the  stopper),  the  nipple  replaced,  and  the  solution  spread  C(i]ii]>lele1y  ever  tlie 
Mdes  of  the  bottle  while  waiting  three  minateB  for  the  draining  nf  the  burette, 
before  readint,-,  unless  it  be  jfradiiated  to  deliver  50  c.c.  The  bollle  is  now  jiUred 
upon  its  lude,  aiid  sliaken  at  intervaU  for  forty  to  iiixty  niinutes,  taking;  care  tluit 
tlie  whole  surface  of  the  bottle  is  moiittetied  nith  the  «>hitiuu  each  tune.  The 
ahtiorption  of  tbe  last  traces  of  CO;  is  very  t^low  indeed,  lialf  an  hour  in  many 
cases  bein^  insuflicienl. 

At  the  time  at  which  tlie  barium  solution  is  aildeil.  the  lempera!nre  and  pressure 
should  be  noted.  At  the  end  of  the  above  {)eriod,  shake  well  to  ensure  liomo- 
geneity  of  the  solution,  remove  the  cap  from  the  tul>e,and  invert  tlie  larf^  bottle 
quickly  over  a  60  or  TO  c.c.  t/lass  stoppered  bottle,  !m>  that  the  solntioii  shall  come 
in  contact  with  the  air  as  little  as  iKisaible.  Without  waitini;  for  the  bottle  to 
drain,  nithdraw  a  portion  of  15  or  25  c.c.  with  a  narrow-Btemmed  sphericat-bnlbed 
piliette  and  titrate  with  sulphuric  aeid*  (1  e,c.  — 1  mfnn.  C0»>,  nsin^  rosolic  acid 
as  an  indicator.  Tbe  difference  U'tueeti  the  number  of  c.c.  of  standard  acid 
required  to  nentraline  tbe  amount  of  barium  hydrate  (e.y.,  uO  c.c.)  before  and 
after  absorption,  i^ves  the  number  of  millit<i'aius  of  CO;  present  iu  the  bottle. 

•  anlphnri.;  acid,  in  diiLiuction  t  >  oialic  -cid,  eruhlosont  to  estimate  tlie  eice.-«  of  larium 
lijdi»te  In  preaeDce  ol  Ihe  mipmijed  barium  oarljunate,  and  also  q(  cnnstio  alkali,  which  is 
k  b«qD«it  faupDrity  ot  commercial  bariTim  hTdrit*.  ProfcHCT  Johnaon,  intba  Ainerimi 
ediioD  or  Freieniua'  QxanlilsliDe  A«alv>U,  coUa  attenUon  to  the  (act  that  the  Dormal 
slkallua  oulalca  decompoae  tbe  alkalioH  enrthj  ciirbonatea,  so  tb  it  the  reaction  coutinno  i 
alkaBne  If  tbe  iHut  tmceof  eodLOrnotuh  be  prenent.  The  aDlphudcacid  may  be  prepared 
I17  dllntior  M-M  c.c.  noinul  bnlpharlc  Bcid  to  a  liter. 
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Tills  is  expressed  in  cubic  ceiitiinelers  uuder  staadard  conditions,  &nd  divided 
by  llie  capacity  of  the  bottle  under  standiird  condtliou?,  and  the  retiults  reported 
in  parts  per  10,000.  To  reduce  Ihe  air  in  Ibe  bottle  to  atsiidard  conditions, 
a  liygTometriG  mouureiueut  of  the  air  in  the  room  from  which  the  sample  mui 
taken  k  necessary.  Tliis  in  ordiuarv  *^s>'^  '^  usually  omitted,  ns  the  objei^t  of 
tlie  investi){ation  is  rompamtirr.  results,  as  reeanls  the  eBicieucv  of  ventilation, 
and  the  rooms  in  the  same  building  would  not  vary  appreciably  in  the  amount  of 
moisture  iu  the  atmocphere.  Tliis  correi-tion  may  make  a  difference  of  about 
015  parts  per  10,000. 

^Vnotlior  iiietliiAl  (ni  tlic  same  priiicijile  in  Ui  attac-li  a  bulb  a])|)aratu^ 
cuiitaiiiing  a  measured  quantity  of  baryta  or  lime  water,  Ui  au  aspirator 
bottle  filled  witli  water ;  the^  ta))  of  tlio  Itottle  is  opened  to  such  aw 
extent  OB  Ui  allow  tlic  aii'  to  bubble  throitgb  the  tost  solutiuti  at 
a  moderate  rate.  Tbu  proee.-ut  of  titration  is  tlie  same  as  al>0Ye.  Tliix 
iiietJiod  takea  loiifjer  time,  and  the  volume  of  air,  which  uhoulil  not  In- 
lesM  than  five  or  nix  litern,  is  ascertained  by  measuring  the  volume  of 
water  allon'e<l  to  run  out  of  the  aspirator,  and  the  rate  of  flow  beinj; 
iv^rulated  so  tliat  from  two  to  three  hours  is  I'equired  to  pass  the  above 
volume  of  air.  If  a  flask,  fitted  with  tubes,  is  used  hi  place  of  the 
bulb  ap])anitus,  the  titratiou  may  be  done  withotit  transferring  the 
test  solution. 


6.    Soheibler's  Caloimeter  for  the  eatlmstioii  of 
Oarbouic  Acid  by  Volume. 

Thiri  a]>]iaratus  is  adapted  fur  the  cntimation  of  the  (Jd^  eontaincil 
ii)  native  carbonates,  ns  well  an  in  artilieial  products,  and  has  been 
Mixicially  contrived  for  the  purpose  of  readily  estimutiiig  the  C(.)2  in 
the  bone-black  used  in  suftar  refiniiig.  The  principle  upon  which 
tlie  apitaratus  is  founded  in  -■'imply  this  ;-— Tliat  the  quantity  of  CO^ 
coutjiiiied  in  calcium  carbonate  may  lie  used  An  a  measure  of  the 
quantity  of  tliat  salt  itself ;  and  instead  of  deterininiug,  a^  lias  usually 
becit  the  ease,  the  quantity  of  ^ras  by  wei<,dit,  tliis  aptiaratus  a<lmite  of 
its  estimation  liy  volume  ;  and  it  is  by  this  means  i)ossible  to  (lerfumi, 
in  a  few  iiiinute»,  ojienitions  which  would  otherwise  take  hours  t" 
accomplish,  while,  moreover,  the  operator  need  scarcely  jkisscsh  any 
kniiwlcilj^e  of  chemistry.  The  results  obtained  by  this  apjaratu.s  are 
said  til  l>e  eorreet  enough  for  technical  purposes. 

The  a)i|inmtuH  is  shown  in  lig.  .17,  and  consists  of  the  following 
]>art3  ; — 

The  gbiss  vessel,  A,  serves  for  tlie  decoiiiiKwition  of  tho  material  to  be  tested 
tor  COj,  which  for  that  jiurjiose  is  trested  with  dilnte  HCl :  this  acid  is  contained, 
previous  to  tbe  ciperimeiit,  in  tlie  );iitta  ])erc1ia  vessel  *.  Tlie  k1»*s  stopper  of  A 
is  perforated,  and  throunh  it  firmly  lasses  a  ^lass  lube,  to  which  is  rnsteiied  tbe 
india-rubber  tnlie  r,  by  means  of  which  coninnmicalion  is  opened  with  B,  a  bottle 
having  three  ujienin^  in  its  neck.  Tlie  central  oiieninjf  of  this  bottle  contoinN 
a  glass  tube  (r)  firmly  fixed,  which  ia  in  cominunicatioii,  on  Ihe  one  liand,  with 
A,  by  lueatis  of  the  flexible  india-rubber  lube  already  alluded  t<i,  and,  on  the 
other  hand,  iiuide  of  B,  with  a  very  Ihin  india-rubtter  bladder,  K.  Tlie  neck  (q) 
of  tlie  vessel  B  is  abut  off  during;  tlie  exiierimciit  by  means  of  a  piece  of  india- 
rubber  tubillK,  kejit  firmly  clostsl  nilh  a  sprini;  clamp.  The  only  use  of  this 
opening  of  the  bottle  B,  arranged  na  described,  is  to  !,^^e  access  of  atmospheric 
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sir  to  tlie  interior  of  the  bottlp,  if  required.  The  other  opeiiinf;  is  in  communica- 
tion uith  the  measuring  apparatus  C.  a  very  accnia1«  ejlindricnl  k]»s»  tube  of 
150  c.c,  cajacity,  divided  into  05  c.r. ;  tlie  lower  portion  of  tliis  lube  C  is  in 
communication  with  the  tube  D,  t^rviux  the  purpose  of  controltinK  the  pressure 
o[  the  ifiia.  The  lower  p>rt  of  this  tube  D  ends  in  a  (;la»<  tube  of  smaller  diameter, 
to  whieh  is  fastened  liie  india-nibher  tube  p,  lesdiug  to  E,  but  the  communication 


Kb.  37. 

lietHeen  these  \>iiris  oS  the  aplKirBlu.i  is  closed,  a.'  seen  at  p.  by  means  of  a  sprui^ 
clamp.  B  is  a  water  reservoir,  anil  on  removal  of  the  clafiip  at  p.  the  water 
contnined  in  ('  atid  D  ruiis  off  towards  E ;  when  it  is  desired  lo  turce  Ihe  waler 
r<mtained  in  E  into  C  aitd  D,  this  can  be  readily  done  hy  bioniD)^  willi  the  mouth 
into  V,  and  upeiiliiK  the  clamp  at  p. 

Precise  directions  for  the  ui<e  uf  this  instrument  ojk  istiued  bv  the  iiiakerK  aiul 
need  not  be  reieated  here.  It  lias  been  considerably  used  for  technical  puriKises, 
but  is  liable  to  serious  errors,  for  which  various  corrections  liave  to  be  made,  hut 
even  then  there  is  room  for  considerable  improvement. 
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This  improveiueiit  lias  been  luudu  Itj-  A.  Ma 
1S98,  p.  1106),  and  the  apparatus  is  shown  in  fig. 


It  ooLuint*  uf  a  (.iLs  reJui-tioLi  tulw  M.  and  a  iiii'a.-iiri]i;.'  lubi!  K.  nbicli  both 
low  lliroii;;li  curks  to  tlie  bottam  of  the  WoiillT's  bottle  U.  iiliirb  is  so  fitted 
that  the  i>rc»itin'  of  air  iu  it  cau  be  aceiimlely  adjiixteil.  ll  i.-uiilaiiis  some 
reSoed  iiclroltiim  oiL  of  bixh  boilimr  poiiil,  wtiieli  can  be  furrwi  into  the  tubes 
M  and  E.  M  conlaiuv  iiiicb  a  quantity  of  air  tlial,  it  it  were  reduced  to  0'  V. 
and  760  ni.m.  protwure,  it  would  jii»t  liU  llie  tube  dciwu  to  a  cvrl4un  mark  ou  it. 
The  tube  E  i*  ^'radiiated  iu  enbic  centinielerw,  ami  is  fitted  at  tlie  tw  with 
a  Ibree-n-ay  cock  of  special  devij^ii,  bv  nieaiiK  of  nbicli  it  cau  )ie  brou^'fit  into 
■■ommuQicatiuu  either  with  the  atmosiiherc  or  H'ith  the  tube  G,  whieli  leads  to 
the  xenemtiDt;  vt-ssel  A,  Bniucliint;  out  of  G  i«  tlic  mercury  nianuuicler  D, 
uiiich  enables  oue  to  adjust  tlie  |irei«<urc  itiinde  A,  G.  and  E  till  it  is  ei(Ual  (o  tlie 
alniosplieric  |iressute.  Tlie  KcneratiiiK  vessel  A  is  fitteil  with  a  well-jiniiind 
tnbulated  t<tui>]>er,  and  contains  a  small  idass  tube  B  to  hold  the  acid.  It  is 
inserted  in  tlie  ^'lats  walfr-lntli  (.',  wlilcb  sliuuhl  cunlaiu  cold  n-aler. 

Briclly  statcil,  au  estiiiiatioii  b  eunducti'd  as  tnUon-s  :^The  carbon  diiixide  is 
l^neratvU  l)y  tlie  action  of  a  small  Toliime,  I  c.c.  of  coticctitRit*^!  Iij'di'iichloric 
acid  OQ  a  weij-liwl  quautit.v  of  the  substances  to  be  tested;  ffl  to  O-H  or  more 
pu.  should  l)e  taken.  accordiUK  to  tlie  percentage  of  carbonic  acid  it  cunlaini'.  y 
A  mixture  of  air  and  carbon  dioxide  iia'^ies  over  into  tlie  measuring  tube  E. 
IMien  the  action  is  comjilrte,  lite  ]iiVNiurc  is  adjiisleil,  till  the  luaitometer  D 
shows  lliat  it  is  c<|ual  to  tliat  of  the  atmiispliere.  llie  cock  is  tlieii  tnrueil  off 
and  the  pressure  is  xfoan  adjusted,  till  the  li<|uid  stands  in  M  at  llie  hijrliM 
graduation.  The  volume  in  E  is  tlien  read  off.  This,  withuni  any  correction 
whatever,  is  tlu'  volume  of  earlKin  dioxiile  contained  in  the  substance  taken. 
'fbe  whole  operation  does  not  lake  luoie  than  ten  to  flflcen  miJiules. 

The  ){as  reduction  lube  £  acts  on  the  same  principle  as  that  in  Lunge's  well- 
kuowD  "  );as  volumeter."  Tu  xive  absolutely  accurate  results  the  level  ot  liquid 
in  M  and  E  sliould  be  tlie  same.  Tlie  density  of  llie  pelroleiyn  is,  however,  sn 
small  that  the  error  from  this  cause  never' amounts  tu  more  than  0'3  e.c,  with  an 
apparatus  liavioff  the  dimensions  selected  by  llie  inventor. 
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Carbou  dioxide  is  iiltt;litly!ioluble  eveci  ia  hesvj  petroleuiii  oil,  but  tlie  solution 
proceeds  Tery  riowlj.  In  the  ca«  ot  this  apparatus,  if  the  printed  instrijotions 
be  folloiFed,  only  a  dilute  mixture  of  carbon  dioxide  csn  come  in  contact  with 
tlw  petroleum.  The  error  due  to  this  cause  therefore  till»  well  within  the  limila 
of  experimental  error  due  to  other  causen. 

The  error  due  to  the  solubility  of  carbon  dioxide  in  hydrochloric  acid  is 
reduced  to  a  mitiimum  by  employing  a  small  quantity  of  concentrated  acid; 
using  1  c.c.  of  acid  of  I'lT  sp.  gr.  it  doe«  not  amount  to  more  tluui  0'6  c.c.  This 
error  is  ia  an  opposite  direction  to  that  due  to  the  inequality  of  the  levels  in  the 
tubes  M  and  B.  Consequently  it  is  to  a  great  extent  neutralized  by  the  tatter. 
Concentrated  hydrochloric  acid  disgolves  lew  carbon  dioxide  than  the  same  volume 
o[  dilute  acid. 

If  the  tfenenling  vessel  A  be  not  kept  cool  a  notable  quantity  of  hydrogen 
chloride  in  expelled  from  it,  and  is  alonly  reabsorbed  as  the  apparatus  coots  down 
i^in.  This,  of  course,  would  interfere  with  the  accuracy  of  the  proce^. 
During  tlie  action  the  vessel  should  flierefore  he  kept  immersed  in  cold  u-ater. 
Tlie  cold-water  bath  also  tends  to  prevent  the  temperature  of  the  generating 
apparatus  varying  to  any  perceptible  extent.  Any  error  due  to  the  latter  cause 
is.  in  addition,  greativ  reduced  by  the  small  volume  ot  the  generatiujf  apjiamtus, 
which  is  not  more  than  100  c.c. 

The  following  are  the  chief  advanla^'es  of  the  B]i|uralus  de^ribed  ;  — 

1.  The  quantity  of  carbon  dioxide  dissolveil  in  the  acid  is  reduced  to 
a  minimum  by  usii^  a  small  quantity  of  concentrated  acid. 

2.  No  corrections  Inve  to  be  made  for  temperature  and  pressure;  coji- 
Bei|iiently  no  reading  ot  thermometer  or  barometer  need  be  taken. 

3.  The  total  volume  of  the  generating  aiid  measuring  ajiiiaratiLs  bfiJig  le:i!< 
than  lOJ  c.c,  and  the  generating  vessel  being  immersed  in  a  cousiderable 
quantity  of  cold  wat«r,  the  volume  of  the  air  inside  it  cannot  chai^  durlni^' 
a  determination  to  an  extent  sufficient  to  introduce  a  perceptible  error. 

4.  The  apparatus  is  quite  simple,  and  although  no  barometer  or  theniionieler 
ia  required  the  results  are  considerably  more  accurate  than  those  obtained  with 
Scheibler's. 

To  determine  the  percentage  of  CaCOj  in  any  substance,  weigh  out  accurately 
0224  gm.  and  proceed  a^  above.  Tlie  volume  found,  multiphed  by  2,  gives  the 
per  cent,  of  CaCOj. 

CITEIC  ACID. 

C/»jH,  xH^()  =  210. 

g  24.  Tuis  ftciti  ill  tlie  free  wtute  iniiy  readil.v  hv  titrati-.l  with 
normal  aoila  and  i»lienoIiihtlialeiti.  1  c.c-.  noriual  alkali  =  007  ;,'iii. 
crystallized  citric  acid. 

1.  Citrates  of  the  AlkaUaa  and  Eartha.-  These  oitraies  may  l>e 
treated  with  neutral  solution  of  lead  nitrate  or  acetate,  in  the  absence  ot  other 
acids  piccipilable  by  lead.  The  lead  citrate  is  waslied  with  a  mixture  of  equal 
)«rta  alcohol  and  water,  the  precipitate  su><pended  iti  water,  and  H~K  parsed  into 
it  till  all  the  lead  is  converted  inlo  sulphide ;  (he  clear  liquid  is  then  boiled  to 
remove  HjS,  and  titrated  with  normal  alkali. 

2.  Fruit  Juices,  etc.— If  tartaric  Ls  jn^went,  toKotlier  >i'itli  free 
citric  acid,  tlic  former  is  first  sujiaratcd  ns  potassium  bitai'tratc,  which 
can  verj'  well  lie  dime  in  the  [ireaence  of  citric  aciil. 

Mhthod  of  PttorEiii'KE :  A  cold  satnrateil  proiif  spirit  solution  of  iwlassium 
acetate  is  added  to  a  somewhat  strong  solution  of  the  mixed  acids  in  proof  spirit, 
in  sufficient  quantity  to  seiiarate  all  the  tartaric  acid  as  bitarlrate,  which  after 
stirring  well  is  allowed  to  stand  some  hours;  the  precipitate  is  tlien  transferred 
lo  a  niter,  and  first  washed  with  proof  spirit,  then  rinsed  oft  the  filter  with 
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»  cold  mtimted  Bolution  of  poUwium  biUrtnte,  and  alloired  to  stand  Bome 
hours,  witL  oceaaioii&l  atirriug;  this  trestiuent  rwnoves  »nj  adhering-  citrate. 
Tlie  bit&rtnite  is  iga,in  brought  on  to  a  filter,  ivisbed  once  with  proof  spirit,  then 
diEeoIved  in  hot  n-ater,  and  titrated  witli  normal  alknli,  1  c.c,  of  which=0'16  gm. 

The  first  filtrate  may  be  titrated  for  the  free  citric  acid  present  after 
evaporatinjt  the  bulk  of  the  alcohol. 

9.  Lime  and  Iiemon  Juices.— Tlie  citric  acid  contained  in 
lemon,  lime,  and  simiiai'  juices,  may  1je  very  fairly  estimated  by 
■Warington's  mt-tliod  {J.  C.  S.  1875,  934). 

Method  of  Pbocbdcbb:  15  or  20  c.c.  of  ordiuary  juice,  or  3-4  c.c.  of 
concentrated  juice,  are  first  exactly  neutralized  nith  pure  normal  soda,  made  up, 
'  it  iiecetirarv,  to  about  50  c.c,  hented  to  boiling  in  n  s&It  bath,  and  so  much 
solution  of  calcium  chloride  added  as  to  be  slightly  in  excess  of  the  oi^^iic  acids 
present.  The  mixture  is  kept  at  the  boilin^c  point  for  about  half  an  hour,  the 
precipitate  collected  on  a  filter  and  naiihed  witli  hot  water,  filtrate  and  washings 
concentrated  to  about  16  c.c,  and  a  drop  of  ammonia  added;  this  will  produce 
a.  further  precipitate,  which  b  collei-ted  separatelv  on  a  very  small  GIter  b;  help 
uf  the  previous  l!ltrat«.  then  washed  with  a  small  quantity  of  hot  water.  Both 
filters,  with  their  precipitates,  are  then  dried,  i^ited  at  a  low  red  heat,  and  the 
ash  titrated  with  normal  or  '*/io  add,  each  c.c.  of  which  represents  respectively 
0-07  or  0-O07  gm.  HjCi  +  H.O. 

FOBHIC  ACID. 

lICOOII  =  JG. 

g  25,  Il.C.  JoN-E8(^Hie/-.  C'Aewi.  ,?(jui-.  xvii.  539 -541)  has  worked 
tint  a  method  which  though  not  acidimetric  may  be  i|iioted  here.  It 
is  liaaed  on  a  procesB  originally  devised  by  I'eati  de  Saint-Gilles, 
by  titration  with  tievinaiiganatc  in  tlic  i)resi'ncc  of  an  alkalino 
curbonati'.  Lieheii  confirmed  thiti,  using  a  more  elaborate  jirocesti. 
The  method  is  on  the  same  }iriiiciij|e,  but  the  i>rri(;edtire  differs  from 
timt  of  Lieben. 

Method  of  I'socEDrKR:  The  solution  cuntaiiLlng  the  formic  ncid  h  made 
alkaline  with  fiajCOj,  wanned  and  an  etceit  of  sLindard  pennan^nate  added. 
All  the  formic  acid  is  thus  oiidiaed,  and  a  precipitate  of  mn^lBane^■e  hydroxide 
thrown  down.  The  solution  is  acidified  with  IIjSO,.  and  a  measured  volume  of 
oxalic  acid  run  in  until  all  the  precipitate  has  dissolved  and  the  pennangauate 
disappeared.  The  excess  of  oxalic  acid  is  then  titrated  with  standard  perman- 
uanate.  A  volume  of  oxalic  acid  equal  to  tliat  taken  is  also  titrated  with  the 
permanganate  solution,  and  the  dilTerence  between  the  result  and  the  total 
l>vniiaiiKBiuile  used  gists  the  quantity  of  pennajiganate  required  to  oxidize  the 
formic  acid.  The  exiierimental  results  apree  well  nmoniic  themselves  and  with 
those  obtained  by  other  luetliods. 

The  antbor  further  sliowe  tliat  SSaiiit-Gilles'  statement  tliat  oxalU- 
acid  can  Iw  titmted  in  acid  solution  in  tlie  jiresunce  of  formic  acid  in 
luireliablc,  since  formic  acid  is  also  oxidized  to  iximc  extent  hy  the 
jjermangaimte  under  thesi!  conditions. 

F.  Treyer  (Cheni.  Znf.  xix,  1184),  liaving  occasion  to  determine 
the  formate  in  a  mixture  of  calcium  acetate  and  formate,  has  devised 
tlie  following  method. 

Method  of  Puocedude  :  The  mixed  calcium  salts  are  distilled  with  dilute 
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Bulpburic  acid  in  a  cuireDt  of  ste&m  until  the  dixtilUte  ia  no  Uinf(«r  acid;  ftii 
aliquot  portion  of  the  distillate  ia  titrated  with  alkali  to  determine  the  total  acid, 
whilst  another  portion  is  evaporated,  if  nece^sarj',  with  eii^esa  of  caustic  soda  to 
conceDtrate  it,  and  is  treated  as  follows :  10  to  2u  e.c,  containing  about  OS  gm. 
of  formic  acid,  are  heated  for  half  an  hour  to  an  hour  with  60  c.c.  of  a  t!  per- 
cent. Bolulion  ol  potasBiuiD  bichromate  and  10  c.c.  of  concentrated  sulphuric  acid 
in  a  Bask  provided  with  »n  inverted  condenser.  The  liquid  ia  now  nuule  up  to 
ZOO  cc,  and  the  unaltered  chromic  acid  determined  in  10  c.c.  of  it.  for  this 
purpose,  1  to  2  gm.  of  pure  potsasium  iodide,  10  c.c.  of  a  25  per-cent.  solution 
of  pbospboric  acid,  and  some  water  are  added  ;  and  after  five  minutes  the  solution 
is  diluted  Ifl  about  100  c.c.  with  boiled  water,  and  titrated  with  "/lo  thiosulphate 
solution  in  the  u.'<ual  manner.  The  phosphoric  acid  ia  added  occording  to 
Meineke's  recommendation,  and  is  for  the  purpose  of  rendering  the  cbanife 
from  the  blue  colour  of  the  iodide  of  starch  to  the  green  of  the  chromium  salt 
more  visible ;  the  commercial  glacial  acid  maj  be  dissolved  in  water,  niidized  by 
potassium  permanganate  until  it  has  a  faint  rose  colour,  and  Sltered  before  being 

The  bichromate  solution  used  for  the  oxidation  is  titrated  in  (lie  same  way. 
One  mol,  potassium  bichromate  is  equivalent  to  three  mols.  formic  acid. 

The  results  quoted  by  the  author  sliow  that  the  luethcHl  is  fairly 
aceurate,  both  in  the  alraence  and  iti  presence  of  acetic  acid. 


1  cc,  of  »/i  alkali  =  002  Rm.  of  HF  =  0024  gin.  of  H^SiF^. 
g  26.  CoMMBRCiAL  hydrofluoric  acid,  which  is  now  a  not  incoii- 
sideiabie  article  of  commerce,  is  as  a  mle  far  from  pure.  It  generally 
contains  in  addition  to  hydrofluoric  acid,  ailicofluorie  acid,  sulphuric 
acid,  sulphurous  acid,  and  frequently  traces  of  iron  and  lead.  Two 
analyses  of  commercial  acid  gave  the  following  figures  : — 

1.  2. 

Hydrofluoric  acid 48-00     45-80 

Silicofluoric  acid 13-05     9-49 

Sulphuric  acid 4-07     323 

Sulphurous  acid  0-49     1-06 

Left  on  evaporation 0-16     — 

Water  by  difference     34-33     40-42 

100-00  10000 

If  it  ia  desired  to  prepare  pure  acid,  the  best  way  is  t<)  add 'to  the 
commercial  acid  peroxide  of  hydrogen  till  it  ceases  to  bleach  iodine, 
and  then  potassic  hydriv  fluoride  sufficient  to  fix  all  the  silicofluoric 
and  stdphuric  acids.  Re-distillation  in  a  lead  retort  with  a  platinum 
condenser  will  then  give  perfectly  puro  acid. 

The  total  amount  of  free  acid  may  be  estimated  with  normal  alkali 
(preferably  potash),  using  phenolphthalein  or  litmus,  tlie  forcner  is 
best.  Methyl  orange  and  lacmoid  do  not  give  good  results.  In  the 
case  of  pure  acid,  each  c.c.  of  ''/,  alkali  indicates  0-02  gm.  of  HF, 
and  the  reaction  when  phenolphthalein  is  em|iloyed  iw  very  sharp. 
When,  however,  commercial  acid  is  thus  titrated  a  difference  is 
observed ;  the  piuk  colour  obtained  on  adding  the  alkah  only  endures 
for  a  second  or  so  and  then  fatles  away,  and  tlus  may  be  repeated  for 


lOo^^ie 


110  VOLUMETHIC    ASALYSIIJ.  §  26. 

8oiiie  time  till  at  last  a  |icnnaneiit  pink  is  produced.  Tlie  causo  of 
this  is  tlie  presence  of  silicofluoric  acid.  The  first  apjiearance  of 
pink  ensues  when  the  reaction  H,RiFg  +  KaO=  KoSiF|,  +  H„0  occiits. 
Then  another  reaction  sets  in 

K,SiFj  +  jK,0  =  (KF),  +  Si(  K, 
but  from  the  slight  solubility  of  the  potassium  silitofluoriile  some  time 
elapses  before  it  is  complete. 

The  suljilmric  and  sulphurous  aeid  must  also  Iw  estimated  if  the 
real  amount  of  HF  is  required. 

Estimation  of  Sulphuric  Acid  in  Presenoe  of  Hydrofluoric 
Acid.  (W,  B.  Gilei').  Loug experieuce  bM counni^  the xuLhor of  (hisnen- 
pioceMi,  tliat  all  methods  deiiending  u]>on  the  suppated  solubility  of  buium 
fluoride,  and  the  correspond! a>;  insolubility  of  the  sulphate  in  either  hot  or  cold 
diluted  hydrochloric  acid  give  most  erroneous  results.  For  instance,  a  sample  of 
hjdrofluonc  scid  kuonii  to  contain  4°  ^of  H,80,  H-as  treated  in  the  way  described 
by  Fresenlu?,  usiii^  a  lai^  volume  of  hot  dilute  hydrochloric  acid,  and  the 
precipitate  was  copiously  washed  with  the  same  weak  acid.  The  barium  pre- 
cipitate obtaiued  was  equal  to  6'06  °/,  of  SOj  or  over  60  °/a  mare  than  was  present,  and 
It  wasfound  that  on  repeatedly  nioisteningtheprecipitate  with  dilute  H3SO.,,  and 
re-igniting,  that  the  weight  increased  matemlly,  shoning'co-prvcipitation  of  barium 
fluoride.  The  author  therefore  devised  the  fotloning  process  For  the  estinwtion 
of  the  SO,  which  gives  acciiiate  reeultf.     Itn  basis  is— 

1.  The  conversion  of  HF  into  HjSiF,,  which  is  easily  accompHshed. 

2.  The  precipitation  of  the  SO,  from  this  solution  by  means  of  lead  silicofluoride, 

3.  The  total  insolubility  of  PbS04  in  a  toluliou  contaiiiiut;  an  excess  of  the 
said  lend  snlt. 

Method  of  PaocEDraE;  A  convenient  weight  of  the  hydrofluoric  acid  is 
placed  in  a  platinum  dish,  alwut  half  its  volume  of  nater  is  added,  and  then  pre- 
cipitated tUtCB,  in  evident  excess,  and  the  whole  is  allowed  to  stand  with  occasional 
stirring;  for  a  fewhoun.  It  is  then  filtered,  usin);  an  ebonite  Funnel,  into  another 
suitable  platinum  basln,audtheexceiis  of  silica  thoroughly  washed,  the  filtrate  and 
washings  are  then  eva|>ocated  to  a  convenient  bulk,  and  solution  of  lead  silico- 
fluoride is  added  in  e.>«-e.'v>.  If  the  les-'t  tn/x  of  !<iilpharic  acid  nis  oontained  in 
the  acid  originally,  an  almost  immediate  precipitate  of  PbSOi  will  form,  as  it  is 
exceedingly  insoluble  in  the  presence  of  the  lead  silicofluoride.  The  solution  is 
allowed  Co  stand  an  hour  or  two,  and  the  FbS04  segiarated  by  filtration,  when  it 
can  of  course  be  treated  in  any  convenient  volumetric  way  Cor  the  estimatiou  of 
the  lea<l,  or  it  may  be  weighed  direct. 

Lead  silicofluoride  is  easily  prepared  by  saturating  commercial  HF  with  coarsely 
powdered  flint  in  a  lead  basin,  and  then  agitating  with  powdered  litluu^.  Its 
solubility  is  very  grent,  and  the  specific  gravity  of  the  solution  may  reacll  2'000 

?  of  1250  ap.  gr.  there  was 
liiture  was  then  treated  as 
dewrihed  above,  and  gave  PbSO,  3782  gm."=  1-C002  gm.  of  SO3. 

EBtimaliOD  of  the  Silicofluoric  Acid.-  To  a  convenient  quantity  of 
the  acid  contained  iu  a  platinum  diph,  a  solution  of  potassium  acetate  in  strong 
methylated  spirit  is  added  in  excess,  and  then  more  spirit  is  added,  so  that  there 
may  be  about  equal  volumes  of  li<|uid  and  spirit.  Allow  to  stand  for  several 
hours,  and  then  filter  and  wash  with  a  mixture  of  lialf  spirit  aud  half  water.  Tlie 
resultingiiotassium  silicofluoride  may  then  be  titrated  with  normal  alkali  according 
to  the  ei[u.ition : 

K^iF»+5(K.O)  =  (KF),+SiOo, 
or  if  the  filter  was  a  weighed  one,  it  may  be  dried  at  100°  C.  ahd  weighed  direct. 
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KjSLFs  wbkh  equals  2'001  gm.  of  Hilica ;  2  gm.  of  Eome  powdered  flint  treated  in 
tlie  same  «-»y  with  50  gm.  of  pure  HP  (of  40  %)  gave  7-168  gm.  of  Kt8iF,= 
1-968  gm.  of  silioA. 

SulphUTOOS  Acid.— This  is  easily  estimated  by  lakiiig  the  solution  which 
results  from  the  total  acidity  det«nuituitiou  and  titrating  with  deoinonnal  iodine. 
Commercial  hydrofluoric  acid  ftenerally  contains  from  0-5  to  20%. 

The  amount  of  each  of  tlie  imimrities  being  thus  known,  the  per- 
centage of  real  HF  is  easily  calculated ;  e.g.,  10  gni.  of  an  acid  wa-s 
found  to  neutralize  276'0  c.c.  of  normal  alkali.  It  was  found  to  give 
the  following  results  ; — 

c.c.  normal  alkali    80  =    3-23  SO^ 

„     390=   9-36Ha8iF„ 
276-47  =  229c.c.  xO-02  =  45'80V    HF. 

4.1-61  7„HaO  by  difference 

100-00 

In  this  instance  the  amount  of  SOj  was  not  allowed  fur. 

BifluorideB.— These  salts  have  lately  been  used  to  some  extent  on 
the  Continent  by  distillers.  They  may !«  titrated  Jn  the  same  way  as 
the  acid  with  phfuolphthalcin.  They  generally  contain  some  ailico- 
fluoride." 

The  estimation  of  fluorine  iu  soluble  fluorides  has  been  done 
volumetrically  by  Knobloch  (Pharm  Xe)t»lirift  \\\i\  558)  The 
process  is  based  on  the  following  facts  — 

'\\nxen  a  solution  of  ferric  chloride  w  mived  with  its  equivalent 
quantity  of  potassium  fluoride  the  deeomposition  is  complete,  and  the 
resulting  ferric  fluoride  solution  is  colourless  In  this  atate  the  iron 
is  not  detectable  by  such  tests  as  thiocyanate,  sahcylie  acid,  etc  Still 
more  interesting  is  the  fact  that  femi.  fluontle  does  not  liberate  iodine 
from  iodides. 

Tlie  following  staiidanl  solutions,  etc.,  are  rcquireil :  — 

**/»  potassium  fluoride  ;  -i-SOS  gm.  of  the  pure  ignited  salt  in 
a  lit«r  of  water. 

^ loo  solution  of  feme  chloride,  which  the  author  prepared  by 
diluting  19  gin.  gf  the  officinal  ferric  chloride  of  the  Pnisaian 
pharmacopceia  to  a  liter. 

"/so  sodium  thiosulidiate  solution. 

Zinc  iodide  solution,  made  by  mixing  10  gm.  of  ioiline,  5  gra.  of 
zinc  |K>wder,  and  25  c.c.  of  ivater  in  a  fla.^k,  ami  warming  till  the 
violent  action  is  over  and  the  solution  colourless,  then  diluting  to 
40  c.c.  and  filtering. 

Method  of  Pboceduee  :  The  liquid  containing  the  fluorides  iu  solution  is 
mixed  with  a  known  eicess  of  ferric  chloride  solution,  then  nith  exceKn  uf  zinc 
iodide,  audailoned  to  remain  in  a  closed  vessel  at  35—40°  C.  for  half  an  hour; 
the  Ubenated  iodine  is  then  titrated  ivitb  thiosulphate.  The  volume  of  the  latter 
used  is  deducted  from  that  of  the  ferric  chloride — the  difference  is  the  measure 
of  the  fluorine,  1  c.c.  Ihiosnlpliate=0fl019  gm.  F. 

*Ttie  wholaot  this  section,  to  this  point,  Ib  kindl;  i^mtribnted  b;  W.  B.  Oiles,  I'.I.C.. 
who  hns  hod  ^aige  'pnuitlcAl  eiperieuce  on  Che  Eubjccts  treaCed. 
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Tlie  aiitlior  staten  tliat  calciiiin  and  strontiuin  in  tlieir  soluble  nnlte 
may  also  be  estimated  by  tlie  same  method  by  acidifj-iiig  tlieir  Bolutioiw 
witli  hydrochloric  atid,  adding  eqiiEil  volumes,  first  of  potassium 
fliioride  and  then  fprric  chloride  solutioiia  in  excess,  exceiM  of  zinc 
iodide  is  then  added,  and  (hRested  at  35  —  40°  C.  and  tlie  lilKratfd 
iodine  ascertained  as  Iwfore,  1  c.c.  of  tliioxidpliate  =  0-002  Ga. 

None  of  these  reactions  have  been  verified  by  me,  but  the  method 
as  given  here  is  novel,  and  prolwbly  capable  of  being  devolrtfwd  by 
exi>erience. 

A  vety  interesting  imixir  on  the  acidimetry  of  hydrofluoric  acid  is 
contributeil  by  Haga  and  Osaka  {J.  U.  i'.  xvii.  xviii.  251),  being  the 
I'esults  of  inde]iendent  ox]>criments  made  by  tliem  in  tl)c  lalwratory 
of  the  Imjierial  University,  Japan. 

The  authors  examined  tlie  l)ehavioiir  of  the  nstial  indicators  in  the 
neiitralizjttion  of  hydrofluoric  acid.  That  its  alkali  salts  blue  litinui^, 
and  tliat  its  avi<iity  number  phices  it  among  the  vegetable  acids  ratlier 
than  with  tlie  strong  mineral  acids,  appear  to  l>e  the  only  tivo  facts 
yet  recorded  bearing  upon  its  acidimetry. 

To  get  imiform  imlications  it  was  found  necessary  to  have  not  only 
the  acid  |>ure,  but  the  titrating  aohitions  also ;  a  little  silica,  alumina, 
or  carbon  dioxide  affectuigthe  titration  more  than  it  would  in  the  case 
of  the  or<l:uary  mineral  acids. 

Phenol )ilitha1ein  is  the  Ijcst  indicator,  and  leaves  nothing  to  lie 
desired  when  potash  or  so^la  is  used  for  the  titration.  Kosolic  acid  is 
almost  equal  to  it,  and  can  bo  used  also  with  ammonia.  With  both 
indicators  tlie  cliange  of  colour  has  the  advantage  of  iwing  very 
evident  in  platinum  vessels.  Methyl  orange  is  useless.  Litmus, 
lacmoid  and  jibenacetolin  are  all  capable  of  being  made  to  yield 
accurate  rcsidts  in  the  hands  of  an  experienced  operator. 

The  foct  that  accurate  results  can  only  be  obtained  with  very  pui« 
acids  and  reagent^  militates  against  the  value  of  any  acidimetrtc 
process,  and  therefore  the  indirect  method  by  (Jiles,  descrilied  aliove, 
is  of  greater  technical  value, 

OXAUC  ACID. 

CsII.(\2H^O  =  126. 

§  27.  Thk  free  acid  can  !jc  accurately  titrated  with  normal  alkali 
and  phenol  phtliale  in. 

Peotedure  when  in  coubikation  with  alkalies;  Tlie  acid  can  be  pre- 
cilMtated  nith  calcium  chloride  as  calcium  owilate.  where  no  other  mstters  occur 
precipitsble  b;  cal<^iini ;  if  acetic  acid  ia  present  in  slight  excess  it  w  of  no 
conFeqiience,  as  it  prevents  the  precipitation  of  urntM  quantities  of  Rutphale?. 
liie  precipitale  is  well  waslied,  dried,  if?nilt>d,  and  the  carbonate  titrated  wiIIl 
normal  acid,  1  c.c.  of  which  =  0-063  gra.  O. 

Acid  oxalate's  arc  titrateil  direct  for  the  amount  of  free  acid.  The 
reaction  continues  to  lie  acid  until  alkali  is  added  in  wich  projiortion 
that  1  molecule  acid  =  2  at<ims  alkali  metal. 

The  combined  acid  may  be  found  by  igniting  the  salt,  auil  titr.iting 
the  residual  alkaline  carlwnat*  as  above. 
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FHOSFHOXtIC    ACID. 

lY)j=142. 

§  28.  Free  ti'iljasiu  ]ilio^])1ioric  aci<I  caunot  tie  titrated  directly 
'M-itli  normal  alkali  in  tlie  same  niaiuier  an  mo»t  free  aciUx,  owing  to 
tlie  fact,  tliat  when  an  alkali  liase  (soda,  for  instance)  is  added  to  the 
Aiiid,  a  L-ottibiimtion  occurs  in  whi<;li  at  one  aiid  the  same  time  red  litmus 
|mi>er  is  turned  blue  and  bhie  red.  This  fact  has  been  rei)eatedly 
noticed  in  the  case  of  mine  sitecimcus  of  urine,  also  in  milk.  In 
order,  therefore,  to  e.^timate  phosphoric  acid,  or  alkaline  phosphates, 
alkaliinetricaJly,  it  ia  necessary  to  prevent  the  formation  of  soluble 
plioaphate  of  alkali,  and  to  bring  the  aci<l  into  a  definite  com|)ound 
with  an  alkaline,  earth.     Such  a  method  gives  fairly  gooil  residts. 

Method  of  PnocBDrBB :  The  solution  ot  free  acid,  or  its  acid  or  neutral 
combination  with  alkali  in  a  somewhat  dihile  state,  is  placed  in  a  flask,  aiid 
n  knonn  volume  of  normal  alkali  in  excess  added,  in  order  to  convert  the  whole 
o[  the  acid  into  a  basic  salt ;  a  drop  or  two  of  roaolic  acid  is  added,  then  sufficient 
jieiitial  barium  chloride  poured  tu  to  combine  with  all  the  phosphoric  acid,  tlie 
miotture  is  heated  nearl;  to  boiltui; ;  and,  while  hot.  the  excess  ot  alkali  is  titrated 
with  normal  acid.  Tlie  suspended  barium  phosphate,  together  with  the  liquid, 
possesses  a  rose-red  colour  until  the  last  drop  or  two  of  acid,  after  continuous 
jieating,  and  ajfitation,  )pves  a  permanent  white  or  slit^htly  yellowish,  milky 
appearance,  when  the  process  if  ended. 

The  volume  of  normal  alkali,  less  the  volume  of  acid,  represents  the  amount  of 
alkali  required  to  convert  the  phosphorio  acid  into  a  chemically  neutral  sail,  e., 


Thomson  lias  ^honii  in  his  resoai'ches  on  the  indicators,  that 
lihosplioric  acid,  either  in  tlie  free  state,  or  in  combination  with  soda 
or  (jotash,  may  with  very  fair  accuiiicy  be  estimated  by  the  help  of 
methyl  orange  and  plienolphthalein.  If,  for  instance,  normal  ])otasli 
l)e  a<lded  to  a  solution  of  phosphoric  acid  until  the  ]>iuk  c{)luttr  of 
methyl  orange  is  discharged,  KHjl'O,  is  fonned  (112  KHU=142 
I'^O.).  If  now  plienolphthalein  is  added,  and  the  addition  of  [wtasli 
(continued  until  a  roil  colour  occurs,  KjHl'tl^  is  fonned.  (Again  112 
KHO=142  1*205.)  (hi  adding  standard  hydrochloric  or  sulphuric 
acid,  imtil  the  pink  colour  of  methyl  orange  i'eapi)carM,  the  titration 
with  standard  potash  may  be  repeated. 

Many  attemiit«  liave  lieen  made  to  utilize  these  reactions  for  the 
accurate  estimation  of  l'j(.)j  in  manures,  etc.,  but,  (f.i  far  as  my  own 
fxperience  goes,  without  adequate  success. 

Titration  as  Ammonio-DiagneBian  Phosphate. — Stoll>a(t'//«m. 
Cfnt.  1866,  727,  72S)  adopts  an  alkalinietric  method,  wliidi  di^iiends 
uiion  the  fact,  that  one  molecule  of  the  double  salt  requires  two 
molecules  of  a  mineral  acid  for  saturation. 

BIethos  of  Procesl'be  :  The  precipitation  is  made  with  niaKnesia  mixture, 
Ihe  precipitate  well  washed  willi  ammonia,  and  the  latter  completely  removed  by 
ivashing  with  alcohol  of  60  or  60  per  cent.  The  precipitate  is  then  dissolved  in 
a  measured  excess  of  ^^10  acid,  methyl  orange  added,  and  tlie  amount  of  acid 
required  found  by  titration  nitli  ^lio  alkali.  Care  must  be  taken  tliat  all  free 
IB  removed  from  the  filter  and  precipitate,  and  that  the  whole  of  the 
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This  meClioii  lias  given  me  very  ffmn\  r 
gravimetric  inethotl.  The  same  profess  i 
of  nrttenic  acir],  anil  also  of  mt^esis. 

1  c.e.  of  "/it,  (icitl  =  0-00355  gin.  PjO^ 
„  -  0-00575  gin.  As^<'»., 

„  „  =0-002      k'H-  Jig" 

Tlie  1-enctioii  in  tlio  ctiwi'  of  phiwijliorii;  acid  iiiav  lie  expn 
follows  :— 


metlioil. 
tliM,  the  phcMiiboric  sciil  is  [irecinitated  l).v  an  excesH  or  iiiacnesia  uiixtiire 
known  strenf^li  in  Free  ammonia,  the  precijiitate  fillered  off,  and  the  free  ai 
left  in  soliilioii  i;*  titrated  by  sUniUpd  at-id.     Prom  the  equation-  - 
UjP04+JI','SO,  +  3.\a,=  MKNHHpO,  +  (NU,)-S(>^ 
it  will  be  seen  tliat  HjPOi-aNHa. 

Tlie  followinj;  inndittcation  is  recniii mended  ns  being  more  convenient  und 
simplp.  To  the  phoKplioriij  acid  mlution.  eontnined  in  a  fjradinted  flask,  an 
exee«i  o(  standard  ammonia  (preferably  noniial)  Ib  added,  follorted  liy  an  eicew 
of  a  mtunted  nentral  mliition  of  ma^cnesinm  sulphate.  The  hquid  'w  llien  dihited 
to  llie  mark,  n-ell  shaken,  and  filtered,  and  tlie  residual  aiumouia  titrated  in  an 
aliqnot  \aTt  of  tlie  Allmle. 

On  account  of  iti'  simplicity,  tlie  niodi^ed  method  is  n-eil  adajrted  for  aacer- 
tainiiiR  the  sfreii^tth  of  llie  wilutiojis  <if  phosphoric  acid  employed  in  pharmacy. 

SimPHUBIC    AHHTDBIDE. 

«( I,  =  80. 

g  29.  NoiuiH.iu.sEN-orfnnLUigsiiIpliiuu  aciil  (.oii-i-'t- of  a  iiiixture 
of  S(},j  anil  lIjSO^.  Wlicn  it  in  neh  tn  sOj  it  ocmr-,  m  a  solid  fonn, 
HiLiI  l>eingverj-  hyjtwwL-ojiic  cannot  he  weiglied  in  the  <inlinan  manner 
Its  strength  in  therofoii;  l>est  taken  iii  the  iia\  recommeiiiletl  h\  Mi  stel 
n^  fi>]h>wt;:---A  verv  tjiiri  hull)  tiihp  nith  eajiillan  ends  is  ]n-<eited  into 
n  hotlle  „f  tlie  tnche.i  aci.l.  Tin.  <nds  are  hciit  like  tin  letter  r,  the 
hull,  heing  in  the  middle.  Tlie  hc.ttle  •.limild  he  of  «iith  Mn,  that 
line  end  of  the  tulie  ]iro.jPi.-t-s  out  of  it'-  mouth  \a  soon  a-,  the  hiilh 
is  Idled,  the  Ujiper  capillary  end  is  spikd,  the  tnljL  lifted  out,  wii>(d, 
iiivi'1'l.ed,  ami  the  other  end  senh  d  ,  tlie  tulw  le  then  tai-efiilh  ^\i\n'A 
with  hliitttng  i^aper  till  dry  ami  cUaii,  thtn  WeighcJ  A  stojiiiLrt il 
Imttle,  Just  large  cncnigli  lo  allow  thi  tul«  In  nig  plated  iooseU  msule 
it,  is  then  nliout  I'lic-thiiil  tilled  witli  vatu,  thi  tuhe  gi.'ntlj  ineertwi, 
the  Ktojijier  rcjilaced,  held  finnh  in  h\  th<  liiiml,  and  a  ngiimus  slmko 
given  sons  to  hn^ak  the  tnhe.  \  suildin  (ilualion  oc(ui-s  from  contatt 
of  the  acid  with  the  wuter,  hut  no  ilati^t  r  is  incuirtd  V  whit,  iloiul 
is  s"en  on   the  M.ies  i.f  tlie  l-^ittli ,  nlu.]!   ilwii-i «■»,■«  on  sjmking  for 
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a  fen'  minutes.  After  the  bottle  is  cooled  the  contents  are  emptied 
into  a  measuring  flask.  An  aliquot  portion  is  then  taken  out  and 
titrated  with  "/,(,  iodine  for  SOj,  which  is  always  present  in  small 
quantity ;  another  portion  is  titrated  with  standard  alkali  and  methyl 
orange  for  sulphuric  acid.  No  other  indicator  is  available,  and  as 
Lunge  has  jwinted  out  (Zeif.  Am/mr.  Ckeni.  1895,  221),  neutrality  is 
reached  when  the  acid  sulphite  is  formed,  and  not  when  the  whole  of 
tlie  Hn.,  is  neutralizoil. 

TABTABIC    ACID. 

Cjip^  =  150. 

§  30.  The  free  acid  may  Ije  readily  titrated  with  normal  alkali  and 
phenolphthalein. 

1  c,c.  alkali  =  O'OTS  fpn.  tartaric  acitl. 

Tlie  amount  of  tartaric  acid  e.tisting  in  tartaric  acid  liquors  is  best 
estintitted  by  precipitation  aw  jKita-ssium  bitartrate  ;  the  same  is  also 
the  case  with  crude  argola,  lees,  t-tc.  Mamifacturers  are  indebted  to 
Waring  ton  aiidOrosjean  for  most  exiiaustive  papers  on  this  subject^ 
to  which  reference  should  be  ma<le  by  all  who  desire  to  study  the 
nature  and  analysis  of  all  commercial  comiiounds  of  citric  and  tartaric 
ftcids  (Waringtoii,  J.  C.  S.  1875,  925-994  ;  (Jrosjean,  /.  C.  S.  1879, 
341-15G). 

Withimt  entering  into  the  copious  details  and  explanations  given  by 
these'  aiithoritir's,  the  nictho<ls  may  be  sumniuriKi'd  as  follow-s  :— 

1.    Commercial  Tartrates. 

In  the  cnse  of  good  vlenn  tartars,  even  thuii);li  tliey  may  contain  sulptiates  and 
carbonates,  accurate  results  may  lie  obtained  by  indirect  metliodi'. 

(a)  The  very  finely  (jowdered  samiile  is  first  titrated  with  noniwl  alkali,  and 
thus  tlie  amouni  uf  lartartc  acid  existing  as  bitartrate  is  found ;  another  portion 
of  the  sample  is  tlien  calcined  at  a  moderate  lieat,  and  the  ash  titrated.  By 
deducting  from  the  volume  of  acid  so  used  the  volume  u»ed  for  bil.irtrate,  tlie 
amount  of  base  currestmadiiiK  to  neutral  tartralr'  i^t  obtained. 

(&)  The  wliole  of  the  tartaric  acid  is  exai^tly  neutralized  witli  caustic  soda, 
evaporated  to  dryness,  calcined,  and  the  ash  titrated  with  normal  acid ;  the  tots! 
tartaric  acid  is  then  calculated  from  the  volume  of  standard  arid  used ;  anv  otlier 
■        "  "  -   -  .      .-  jj^  tlie  ca)*  of 

MKTHon  OF  Peotedvhe  («)  :  5  gm.  of  the  finely  powdered  tartar  are  heated 
with  a  little  water  to  dissolve  any  carbonates  that  may  be  present.  If  it  i.<  wislied 
to  ^lurd  sKaini't  cn-stalliiie  carbotiaten,  6  c.c  of  slMidard  IICI  are  added  in  the 
first  instant',  and  tlie  faentiii)(  is  conducted  in  a  covered  beaker.  Standard  alkali 
is  next  added  In  the  extent  of  about  three-fourths  of  the  amoiut  required  by 
a  good  tartar  of  the  kind  examined,  jilus  that  equivslent  to  tlie  acid  used,  and  tlic 
whole  is  brought  t    bo    n       nh        ea  d  n  ion  is  Hnishstl.     From 

the  amount  of  alka        nnw  aaredb       e  HCl,  the  tartaric  aci't 

|irp*eut  ai  acid  tartra         ci       a  ei 

2  iim.  oC  the  powd  re(  tarta  are  x  n  hed  o  a  platinum  cnuible  with 
a  well-fitlin|;  lid :  cr  ed  o       an  ar^  d  burner ;   heat  is  first 

ap]>licd  very  ^ntl         d       h     arta     ad  no        ron);ly  till  iuflamnuible 

gn^  ceases  to  be  ev      ei       1        ei       o    d         rt     abu     terj"  low  redness.    The 
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bbck  ash  ia  next  removed  with  ivater  to  a  beaker.  If  the  tartar  is  known  to  iw 
a  good  one.  20  ex.  of  standard  IIjSO,  are  now  run  Trom  a  pipette  into  the  beaker, 
a  portion  of  the  acid  being  iised  to  rinse  the  crucilile.  Tlie  contents  of  the  beaker 
are  now  brought  to  boiling,  filtered,  and  the  free  acid  determined  with  Btandard 
alkali.  As  the  cha^(^oal  on  the  filter  under  rome  circum^nces  retains  a  little 
acid,  even  when  well  wiahed,  it  in  advisable  when  the  titintion  is  completed  to 
transfer  the  Mter  and  its  contents  to  the  neutialiied  fluid,  and  a<ld  it  further 
ainoujit  of  alkali  If  necessary.  From  the  neutnliEing  power  of  a  t^m  of  burnt 
tartar  is  subtracted  the  aeidity  of  a  f(ram  of  uubumt  tartar,  both  expressed  in  c.c. 
of  standard  alkali,  the  difference  in  the  neutralizing  power  of  the  bases  eiisllu;c 
a«  ueutnl  tartrates,  and  Is  then  calculated  into  tartaric  acid  on  this  assiunption.'* 
If  the  tartar  ia  of  low  quality,  6  c.c.  of  solution  of  lijdrojcen  peroxide  {I  volume 
=  10  volumes  O)  are  added  to  (he  black  ash  and  water,  and  immediately  after- 
wards the  staudard  acid :  the  rest  of  the  analysis  proceeds  as  already  dcseribed  : 
the  small  acidity  usually  belonging  to  tlie  peroxide  solution  raust,  however,  l)« 
known  and  allowed  for  in  the  calculation.  By  the  use  of  hydrogen  |>eroxide  the 
sulphides  formed  during  ignition  are  reconverted  into  sulpliates,  and  the  error  of 
excess  which  their  prenenee  would  occasion  is  avoided. 

Tlie  a1)Dvu  uietliinl  due.s  nut  ^vc  the  KCjuirate  auioiititH  of  aciil  ami 
ueutral  tartrates  in  the  presence  of  earbonatus,  Init  it  f^ivea  the  coni-ct 
amount  of  tartaric  acid  ;  it  is  also  correct  in  cases  where  free  tartaric 
acid  exista,  so  long  as  the  final  Teaulti)  show  that  some  (tciil  existed  as 
neutral  Bait.  Whenever  this  mcth<)d  shows  tlint  the  acidity  of  the 
original  substance  is  greater  than  the  neutralizing  )K>wcr  of  the  asli, 
it  will  be  neces.'tary  to  use  the  method  b,  which  is  the  only  one  callable 
of  giving  goml  rcBiilts  when  the  nanii>le  contains  much  free  tartaric 

For  the  estimation  of  total  tartaric  acid  in  wine  lees  and  in  itiw 
tartars,  the  following  method  ia  very  generally  adopted  :  — 

Method  of  Pbocbdithe  :  6  gox.  of  tite  finely  pondered  sample  are  placed  in 
a  100  c.c.  flask,  and  9  c.c.  of  hydrochloric  acid  diluted  to  a  density  of  Tl  are 
added ;  this  is  left  for  about  two  hours  at  the  ordinary  temperature.  The  acid 
extract  La  then  diluted  to  100  c.c,  well  shaken,  and  filtered  throi^h  a  dry  filter. 
50  c.c.  are  then  placed  in  a  covered  1>eaker,  and  18  c.c.  of  a  soUitiou  of  20  i)er 
cent,  potassium  carbonate  is  added,  the  whole  is  then  heated  until  the  precipitated 
carbonate  of  lime  is  properly  deposited.  This  precipitate  is  filtered  off,  washed 
with  boiling  water,  and  the  clear  liquid  evaporated  down  to  about  15  e.c.  in 
a  porcelain  erucible.  After  cooling,  3  c.c.  of  glacial  acetic  acid  are  added,  shake 
well,  and  let  stand  for  the  night.  100  c.c.  of  alcohol  at  94-96  i>er  cent,  must  tlien 
be  added  while  stirring ;  the  precipitated  tartaric  acid  is  filtered,  waslied  with 
alcohol,  and  finally  dissolved  in  bolnng  water.  The  liquid  may  then  be  titrated 
with  semi-normal  potash.  In  the  case  of  tartars,  or  tartrates  of  lime,  3  gin.  of 
the  sample  should  De  taken  and  digested  with  9  c.c.  of  hydrocliloric  acid.  Tlie 
solution  is  made  up  to  IOG'5  c,c.,  and  SO  c.c.  of  this  liquid  taken  for  the  estimation. 

A  modification  of  the  alMvc  proceta  lias  lieeii  devised  bv 
iloszczeuski  (J.  S.  U.  J.  1898,  p.  215),  which  is  shorter  and 
more  acctirate. 


14  exactly  tho 
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at  tlie  s&me  lime  uniieceeeary  excess,  iiot  to  increase  beyond  need  tbe  bulk  of  the 
iiltiimte  cream  of  terlAT  and  potAssium  sulphate  predpibite.  This  amount  of 
HjSO^  varien  with  the  nature  of  tartaric  acid  compounds  to  be  tested.  1  mol.  of 
potassium  bitartrate  needs  17  mol.  of  HfSO^  (10  per  cent.)  for  its  complete 
decomposition  into  tartaric  acid  and  K^O^  ;  calciimi  tartrate  requires  less  HiHO^. 
With  ordinary  materials  it  is  safe  to  use  26  c.c.  of  18  per  cent.  IIjSOi  for  5  gm. 
of  ar^ls,  leea,  or  creani  of  tartar. 

It  IS  not  necessary  to  let  H3SO,  act  long  ou  the  material  to  be  tested ;  with 
careful  stirrinK  a  fen~  minutes'  action  is  sufficient,  whereupon  the  mixture  is 
transferred  into  a  fla.ik.  It  ia  convenient  to  use  5  gm,  of  substance,  fill  up  to 
:i50  c.c,  with  alcohol  of  90  per  cent.,  and  filter  oO  200  c,c. ;  but  thoee  proportions 
can  of  course  be  changed  without  affecting  the  results,  using  necessary  judgment 
and  making  corresponding  changes  in  tbe  corrections  mentioned  below.  It  is 
very  important,  however,  not  to  let  the  alcoholic  solution  oontaimng  free  lulphuric 
and  Urtaric  acid  stand  too  long,  as  this  would  make  the  results  too  low,  probably 
because  of  formation  of  ethylated  tartaric  acid,  winch  on  addition  of  potasflium 
acetate  would  not  be  transformed  into  cream  of  tartar. 

The  alcoholic  solution  is  transferred  to  a  porcelaiu  dish,  sufficient  quantity  of 
alcoholic  polaaaiuiu  aoetate  added,  and  well  stirred.  To  reduce  the  solubility  of 
the  potassium  bitartrale  thus  formed  in  alcohol,  add  E  c.c.  of  concentrated  KCI 
solution.  Working  with  argoU  or  lees,  it  is  easy  to  find  the  point  when  enough 
{lotassium  acetate  has  been  added  by  observing  the  change  of  colour  from  pure 
red  into  pale  bluish-red  which  then  takes  place.  After  the  precipitate  has  settled, 
pour  off  a  little  of  the  supernatant  liquid  in  a  lest  tube  and  add  a  few  drops 
of  potassium  acetate  solution,  which  ^ould  not  form  any  further  precipitate. 
Having  thiu  ascertained  tl1.1t  the  amount  of  potassium  acetate  used  is  sufficient, 
the  precipitate  is  left  to  stand  for  at  least  six  hours,  then  washed  with  strong 
alcohol,  and  titrated. 

If  in  filling  up  te  a  certain  volume  with  alcohol  the  volume  of  solid  matten 
lias  not  beeu  taken  in  account,  a  corresponding  correction  has  to  be  made  on  the 
results.  In  testing  lees  or  argols,  the  volume  correction  has,  in  moat  cases,  been 
found  to  be  about  1'2  cc.  for  5  gm.  of  substance. 

Another  correction  has  I*  be  made  to  cover  tbe  losses  by  solubility  of  cream  of 
tartar  in  alcohol.  Using  5  gm.  of  substance,  filling  up  to  260  c.c,  with  90  per- 
cent, alcohol,  and  filteringoR  20OC.C,,  those  lossesamount  t«0'320gm.  of  tartaric 
acid,  which  should  be  added  to  tbe  result.  Tbe  results  obtained  with  this  method 
are  in  most  rases  a  few  tenths  of  a  per  cent,  tower  than  those  foimd  by  the 
preceding  acid  method. 

a.     Tartaric  Acid  Liquors. 

'lid  factory  lifjuors  contain  &  great  variety  of  substauccM  gradually 
accumulated,  from  whicli  the  actual  tartaric  acid  can  only  be  Bei«rateil 
as  bitartrate  liy  the  following  process  : — 

Mftuod  of  Pbocedube  (c)  :  A  quantity  of  liquor  containing  2-1  gm.  of 
tartaric  acid,  and  of  30-10  c.c.  volume,  h  treated  vrith  a  saturated  solution  of 
neutral  potassiiun  citrate,  added  drop  by  drop  with  constant  stirring.  If  free 
sulphuric  add  is  present  uo  precipitate  is  at  first  produoed ;  but  as  soou  as  the 
acid  is  Ritisfied.  the  bilartrate  begins  te  appear  i[i  streaks  on  the  sides  of  tbe 
vessel.  When  this  is  seen,  the  remainder  of  tbe  citrate  is  measured  in  to  avoid 
an  undue  excess :  4  c.c.  of  a  saturated  solution  of  potassium  citrate  will  be  found 
Kufiicient  to  precipitate  the  maximum  of  1  gm.  of  tartaric  acid  suppooed  te  be 
present.  If  tlie  liquor  contain  a  great  deal  of  sulphuric  acid,  a  fine  precipitate 
of  potassium  sulplute  will  precede  the  formation  of  bitartrate,  but  is  easily 
distinguished  from  it.  With  liquors  rich  in  sulphuric  acid,  it  is  adrisable  to  stir 
the  mixture  vigorously  at  intervals  for  half  an  hour,  then  proceed  as  in  3  <f. 

Grosjean  modifies  this  process  by  precipitating  the  liquor  with  an  excess  of 
calcium  carbonate,  then  boiling  the  mixture  with  excess  of  potassium  oxalate. 
By  this  means  the  alumina,  iron,  phosphoric  and  sulphuric  acids  are  thrown  down 
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with  the  ualcium  oxalate,  and  the  precipitate  allows  at  ready  filtratioD.  Tlie 
srpantion  as  bitArtrate  then  follows,  as  in  d. 

BorDtriK^r  (^-  <■-  ^-  1^^<  ^^7)  tried  to  a!<c«riaiii  how  far  the  proreiw 
worked  out  bv  Waring:tOD  and  Grosjean  is  suitahle  far  the  estimation  of 
tartaric  acid  When  citric  acid  ia  also  present.  Mixtures  contaiuiu^  05  to  4  ^. 
of  potanium  bitartrate  with  0'5  to  6  eta.  of  citric  acid  and  5  frn.  of  itolanhim 
chloride  were  neutralized  whilst  hot  by  imlach,  cooled,  made  up  (o  GO  c.c,  and 
6  O.C.  of  a  60  per-ceiit.  solution  of  citric  acid  added,  stirred  until  a  prectjiitBte 
appeared,  and  left  until  the  next  day  before  filtering.  The  precipitates  were 
ni^al  withalOper-cent.  HolutioDof  polamium  chloride  saturaleil  with  potai<tiium 
bitartrate,  and  filially  t»ice  with  potassium  chloride  alone  before  titratinu. 

It  was  found  that  the  mixture  of  0'5  jcm.  of  tarirale  and  6  gm.  of  citric  acid 
h'ave,  under  these  conditions,  no  precipitate,  but  that  »  ptivipitate  appeared 
when  an  additional  gram  of  citrio  acid  was  added.  In  the  cases  where  the  citric 
acid  originally  present  did  not  amount  to  more  than  twice  ax  much  as  the  tartrate, 
the  use  of  5  ku>.  of  citric  acid  u  the  preoipitalinit  agent  gave  fairlj''  close  quanti- 
tative  results,  but  when  the  amouuts  of  tartrate  and  (orijfinal)  citric  flcld  were 
about  equal,  8  gm.  of  citric  acid  sufGced  for  the  nreeipitation. 

The  following  rule  is  therefore  laid  down  ;  sucli  a  quantity  of  the  misture  is  to 
be  taken  as  corresponds  in  total  acidity  nith  3  gm.  of  citric  acid.  It  is 
neutralized,  etc.,  as  above  and  precipitated  with  a  gm,  of  citric  acid.  Should  the 
amount  of  tartrate  found  be  more  than  double  that  of  the  citric  acid  found,  the 
operation  must  be  repented  with  the  addition  (to  the  original  mixture)  of  enough 
citrio  acid  to  restore  approximate  equality.  Should,  on  the  other  hand,  the 
amoout  of  tartrate  found  be  less  than  balf  the  citric  acid  fuun<l,  equality  must 
be  restored  by  adding  a  weighed  quantity  of  tartrate. 

8.    Vei7  impure  Lees  and  Argols. 

Groajean  {J.  C.  S.  1H79,  Ml)  gives  a  sueciiict  m.'tliwl  for  the 
treatment  of  these  aulistanws,  based  on  Wariiigtoii's  (iriginal  <ixnlate 
limcesa,  the  jirinciple  of  wliivh  is  as  folJown  :— 

The  finely  ground  sample  (  =  about  2  gm.  tartaricadd)  is  first  moiMeued  with 
A  little  water,  heated  to  100°  C,  then  difresled  for  IS  minutes  or  so  with  an  excess 
of  neutral  |>ola«sium  oxalate  (the  excess  must  not  be  less  than  I'j  gm.),  and 
nearly  neutralized  with  potash.  After  repeated  stirring',  the  mixture  is  trans- 
ferred to  a  vacuum  Biter,  and  the  rt-iidue  washed ;  the  liquid  so  obtained  contains 
all  the  tartaric  acid  as  neutral  iwUNsiiiin  tartrate ;  excess  of  citric  acid  is  added, 
which  precipitates  the  whole  of  the  tartaric  acid  as  bitartrate,  and  the  amount  is 
found  br  titration  with  standard  alkali  iti  the  uxual  way. 

One  of  the  chief  difBctilties  in  treating  low  qualities  of  material  is  the  filtration 
of  the  nearly  neutral  mixture  above  mentioned.  Grosjeau  adopts  the  principle 
of  Casamlajor's  filler  (C.  JV.  xxxii.  46),  using  an  ordinary  funnel  with  either 
platinum,  lead,  or  puraice  disc:  bnt  whether  this,  or  Bunsen's,  or  other  form 
of  Biter  is  used,  the  reeulliug:  filtrate  and  washings  (which  for  2  gm.  tartaric  acid 
should  not  much  exceed-iO  c.c.)  are  ready  for  the  sepnration  of  the  bitartrate  in  the 
following  improved  way  :  — 

(rf)  To  the  50  CO.  or  so  of  cold  solution  3  gm,  of  ]X)wdcred  initawium  chloride 
are  added,  and  stirred  till  dissolvfd ;  this  renders  the  subsequent  precipitation  of 
bitartrate  very  complete.  A  60  iier-cent.  Boluliou  of  citric  acid  is  then  mixed 
with  the  liquid  in  such  proportion,  that  for  every  2  gm.  of  tartaric  acid  an  equal, 
or  slightly  greater  amount  of  citric  acid  is  present.  By  continuously  stirring, 
the  whole  of  the  bitartrate  comes  down  in  ten  minutes  (Urosjean);  if  the 
temperature  is  much  above  16",  it  is  preferable  to  wait  half  an  hour  or  so  l)efore 
filtering.  This  operation  is  best  done  on  the  vacuum  filter,  and  the  nisbing  is 
made  with  a  6  per-cent.  solution  of  pota.'isium  chloride,  saturated  at  ordinary 
temperature  with  potassium  bitartrate ;  if  great  accuracy  is  required,  the  exact 
acidity  of  the  solution  should  be  found  by  ^Jio  alkali,  and  the  washing  continued 
until  the  washings  show  no  greater  acidity,  thus  proving  the  alisenoe  of  citric 
acid.    Finally,  the  washed  precipitate  is  gently  pressed  into  a  cake  to  free  it  from 
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eioess  of  liquid,  tran-iterred  to  a  beaker  iritli  the  filler,  hot   irater  added,  aud 
titrated  with  staudArd  alkali. 

The  troublesome  filtration  can  be  nvoided  in  rnanj'  cases  bj'  lakiug  30  —  40  gm. 
of  Hubstaace,  and  after  decompcmition  by  oxalate,  and  neiitralizing  nitb  potash, 
making  up  the  volume  to  160  or  200  c.c,  addiug  water  in  ooirespondiog  pro- 
portion to  the  bulk  of  the  residue,  then  taking  an  aliquot  portion  Cor  predpitaUon. 
A  blank  eiperimeat  made  by  Grosjeau  in  this  nay,  gave  a  volume  3'7S  c,c.  for 
the  residue  in  10  gm.  lees.  Other  things  being  equal,  therefore,  30  or  41  gm. 
may  respectively  be  made  up  to  161  and  215  c.c,  then  50  c,c.  Uken  for 
precipitation. 

ESTIHATZOn    OF    COMBINED    ACIDS    AND    BASES 
IN    NEUTBAI.    SALTS. 

§  31.  Tflia  comprehensive  metliod  of  determining  the  quantity  of 
arid  in  neutral  cumpounda  (but  not  the  nature  of  the  acid),  ia  applicable 
only  in  those  cases  where  the  base  is  perfectly  precipitated  by  an 
excess  of  cauatic  alkali  or  its  carbonate.  The  number  of  bodies  capable 
of  being  so  precipitated  is  very  latere,  as  has  been  proved  by  the 
researches  of  Langer  and  Wawnikiewicz  (Ann.  Ckem.  u.  Phar. 
1861,  239),  who  seein  to  have  worked  out  tlie  method  very  carefully. 
These  chemiats  attribute  its  origin  to  IJunsen  ;  but  it  does  not  seem 
certain  who  devised  it.     The  best  method  of  procedure  is  as  follows  ; — . 

The  substance  is  weighed,  dissolved  in  waterin  a  300-c.c.  flask,  beated  Vi  boiling 
or  not,  as  may  be  desirable ;  normal  alkali  or  ita  carbonate,  according  to  the 
nature  of  the  \M3e,  is  then  added  from  a  burette,  until  the  whole  is  decidedly 
alk^ine.  It  is  tben  diluted  to  300  c.c.  and  put  aside  to  settle,  and  100  c.c.  are 
taken  out  and  titrateil  tor  the  e^icess  of  alkali ;  the  remainder  multiplied  by  3, 
gives  the  measure  of  the  acid  combined  with  the  ori^nal  salts,  i.t.,  supposing  the 
precipitation  is  complete. 

Ex.iHPLE:  2  gm.  crystals  of  barium  chloride  were  dissolved  in  nitler,  heated 
to  tailing,  and  30  c.c.  normal  Bodtum  carbonate  added,  diluted  t*  300  c.c  and  100 
c.c.  of  the  clear  liquid  titrated  with  normal  nitric  acid,  of  which  1*3  c.c  ivas 
required ;  altogether,  ther^ore.  the  2  gin.  required  le'-l  c.c.  normal  alkali ;  tbis 
multiplied  by  0122  gave  20008  gm.  BaClj  2UjO  instead  of  2  gm. ;  multiplied 
by  the  factor  for  chlorine  003537,  it  yielded  0'58OO7  gm.  Theory  requires 
0-5809  gin.  chlorine. 

The  following  substances  liave  been  submitteil  to  this  uiodf  of 
examination  with  satisfactory  re.-iultw : — 

Salts  of  the  alkaline  earths  precipitated  with  an  alkaline  carlwiiato 
wliile  boiling  hot. 

Salts  of  magnesia,  with  pure  or  carbonated  alkali. 

Alum,  with  carbonate  of  alkali. 

Zinc  salts,  boiling  hot,  with  the  same. 

Copper  salts,  boiling  hot,  with  pure  potash. 

Silver  salts,  with  same. 

Bismuth  salts,  half  an  houi-'s  boiling,  with  sodium  uarbonate. 

Nickel  and  cobalt  salts,  with  the  same. 

Lead  salts,  with  the  same. 

Iron  salts,  boiling  hot,  with  puie  or  carbonated  alkali. 

Mercury  salts,  with  pure  alkali. 

Protosalts  of  manganese,  boiling  hot,  with  sodium  carbonate. 

Chromium  persolts,  boiling  hot,  with  pure  jMitasli. 
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"Where  the  cumpoiind  iiiiiler  examination  conbtins  but  one  basi-- 
precipitable  liy  alk&li,  the  (leterniinatidn  of  the  ai'iil  gives,  of  ooiiree, 
tliG  (quantity  uf  linse  alsii. 

Wolcott  (iibbs  (C.  -V.  1868,  i.  151)  lias  enuntiated  auewacidi- 
iiietric  principle  ajiplicable  in  caseti  wltere  a  ijoee  is  precipitable  at 
a  boiling  tfru]»eratnrc  by  bydric  tmlphide,  and  the  acid  set  free  eo  as 
to  be  estimated  with  standard  alkali.  Of  course  the  methoil  can  only 
be  used  wliere  complete  sejiaiHtion  can  be  obtained,  and  whore  thi> 
salt  to  1)6  analyzed  containB  a  tixed  acid  whicli  lias  no  effect  upon 
hydric  sulphide.  A  weighed  portion  is  dissolved  in  water,  brought 
t<i  Iwiling,  and  the  gaa  itassed  in  until  the  metal  is  completely 
precipitated  ;  which  is  known  by  testing  a  droj)  of  the  clear  hquid 
upon  a  porcelain  tile  with  sulphuretted  hydrogen  ivater,  or  any  other 
appropriate  agent  adapted  to  the  metallic  salt  imder  examination. 

The  liquid  is  filtered  from  the  precipitate,  and  the  latter  well 
H'ashed,  and  the  solution  made  up  to  a  definite  measure.  An  aliquot 
portion  is  then  titrated  with  nuinal  alkali  at)  usual,  with  one  of  tlie 
phenol  indicators. 

Ill  the  case  of  nitrates  or  chlorides,  where  nitric  or  hydroclil'U'ic 
acid  wotdd  interfere  with  the  liydric  sulphide,  it  waa  found  that  thp 
addition  ui  tolerable  quantity  of  a  neutral  salt  conteining  ni)  organic 
acid  ((-,'/.,  sodium  or  potassium  tartrate',  or  the  double  salt)  obviated 
all  difliculty.- 

The  results  obtained  bydibbs  ui  tlie  case  of  coi)i>cr,  lead,  bismutJi, 
and  mercurj',  as  sidpliate,  nitrate,  and  chloride,  i^^-cd  very  closely 
with  tlicory. 

Though  not  strictly  belonging  to  the  domain  of  acidJmetry,  n  method 
worked  out  by  Neumann  {Z.a.  C.  sxxiv.  454)  may  hero  Ijc  mentioncfl 
for  tlie  teclmical  estimation  of  some  of  the  lieavy  metals  precipitable 
by  sodium  sulphide.  Tlie  strength  of  tlie  sulphide  .solution  is  ascer- 
t4iined  by  boiUug  it  with  a  measured  excess  of  standard  acid  till  al) 
tjio  HjK  is  dissipated  ;  the  excess  of  acid  is  then  found  by  titration 
with  standard  alkali,  using  pheuoljtbtlialcin  as  indicator.  Having 
established  the  working  sti«ugth  of  the  sulphide  solution,  the  neutral 
solution  of  the  metal  to  be  estimated  is  first  precipitated  with  a  known 
excess  of  staudanl  sulphide,  and  the  solution  containing  the  suspended 
sidphide  or  hydivxide  is  rendered  clear,  if  necessary,  by  the  addition 
of  stiHing  sodium  chloride  solution,  and  diluted  to  a  ilefinite  volume  at 
16°  C.  An  aliquot  jart  of  the  solution  is  then  filtered  off,  or  removed 
by  means  of  a  iiipette,  and  the  exccs-s  of  sulphide  indirectly  determined 
in  it.  Tills  indirect  process  is  necessary,  because  the  alkaline  sulpliide 
destroys  the  colour  of  litmus  or  of  phonoli)hthalein.  The  estimation 
of  the  amounts  of  metal  in  the  following  salts  by  this  method  gave 
excellent  results  :— *lum,  chrome  alum,  silver  sulphate,  copper  sulpliate, 
coltalt  sulphate,  cailmiuni  sulphate,  lead  nitrate,  manganese  eiUpliati', 
nickel  sulphate,  ferrous  sulphate,  fenmis  ammonium  sulphate,  ferric 
chloride.  This  method,  of  course,  is  not  applicable  if  tiic  solutions 
contain  any  free  acid.  Solutions  of  chlorides  containing  free  hydro- 
chloric arc  first  evaporated  on  the  water-bath,  the  residue  moistened 
with  alcohol,  and  again  e\-apoi-ated  to  dryness.     Sulphatca  are  first 
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converted  into  elUorides  by  treatment  with  barium  cliloride  ami 
IkyiUfMliloric  acid,  and  the  solutions  so  obtained  are  treate<l  as  befon- 
<lescribert  for  tlie  removal  of  the  free  HCI.  Nitrates  ape  twice 
(evaporated  to  dryness  with  concentrated  HCI,  excess  of  the  latter 
l>eing  finally  removed  in  the  above-men tioiieil  manner. 

EXTENSION    OF    AliEAUlEETBIC    METHODS. 

§  3±  BoiiLiG  (Z.  a.  C.  1870,  310)  liaa  aeacril)ed  a  metliod  for 
the  eHtimatiuu  of  snlphuric  acid,  baryta,  cldorine,  iodine,  and  hivminc, 
which  ajiijears  worUiy  of  some  consideration,  since  the  only  standarrl 
Hohitions  required  ate  an  acid  and  an  alkali. 

.Ukaline  sniplmtes  are  known  to  l>e  partially  decomjMscd,  iu  contact 
with  Itarium  carbonate,  into  alkaline  carbonates  and  barium  sulphate. 
Tlie  deci imposition  is  complete  in  the  ])resence  of  free  carbonic  anhy- 
dride ;  acid  carlmnates  of  the  alkaU-metals  are  left  in  solution,  tt^ther 
with  some  acid  iMrium  carbonate,  which  can  be  removed  by  boilin){. 
The  solution  is  filterei!,  and  the  alkaline  carbonate  determined  hy 
means  of  b  stfiiidaiil  acid  solution,  and  the  amount  of  siUphuric  acid 
or  alkaline  sulphate  calcidated  from  the  amount  of  normal  aciil 
I'equireil,  This  process  has  been  satisfactorily  used  by  Haubst  for 
sidpliates  in  waters  {V.  X.  xxxvi.  227),  and  hy  (Irosaniann  for  salt 
cake  {C.  X.  xli.  114). 

Neutral  chlorides,  bromides,  and  iodides,  more  esjiecially  of  the- 
alkali-metals,  arc  most  readily  decomposed  by  pure  silver  oxide  into 
insoluble  silver  snItH,  leaving  the  alkali-metal  in  solution  as  hydrate 
(ammonia  salts  always  excepted),  wliicli  can  ihen  l>o  determined  as 
usual  by  standard  acid. 

The  author  treats  solutions  containin)^  sidphatcs  of  the  heavy  ntetahi, 
of  the  earths  or  alkaline  earths,  and  free  from  acids  whose  presenw^ 
wnuld  iiiAuence  the  method,  viz.,  phosphoric,  arMcnic,  oxalic,  etc.,  with 
u  solution  of  tHitassium  carlxinatc  so  as  to  ])reci]>itate  the  Itases  and 
leave  alratit  double  or  treble  the  amoimt  of  alkaline  carbonate  in 
Hulution.  From  1  to  IJ  ^m.  of  sulstance  is  oj^rated  upon  in  a  flask. 
Tlie  solution  is  made  up  to  500  c.c,  well  shaken,  and  the  precipitate 
allowed  to  sulisiile.  50  c.c.  are  then  filtered,  and  titrated  wijli 
stondanl  acid  and  methyl  orange.  Anotlier  100  c.c.  are  filtered  in 
like  maimer  inti>  a  strong  <^uarte^Uter  flask,  and  diluted  with  about 
100  c.c.  of  liot  water;  the  rei^uisite  quantity  of  normal  acid  is  then 
run  in  at  once  from  a  burette ;  the  solution  diluted  to  250  c.c. ;  and 
about  a  gram  of  drj'  lariuni  carbonate  (free  from  alkali)  added.  The 
tltisk  is  next  closwl,  and  the  liquid  well  agitated.  The  decomiwsition 
of  the  alkaline  sulpliatc  is  complete  in  a  few  minutes.  The  flask 
should  lie  ojwned  now  and  then  to  allow  the  carbonic  anhydride  to 
escape.  Finally,  abmit  J  gm.  of  pulverized  harium  liydrate  is  added, 
the  whole  well  sliaken,  ond  a  portion  of  the  rapidly  clearing  liquid 
tcMtcd  qualitatively  for  barium  and  sulphuric  acid.  The  result  should 
lie  a  negative  one.  50  c.c,  coiTespondiug  to  20  c.c.  of  the  original 
solution,  are  then  filtered  an<l  titrated  with  normal  acid,  and  thf 
quantity  of  sidphiu-ic  acid  (sulphate)  calculated  as  iisiial. 
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The  source  of  unrboutc  anhyilride  is  thiis  placed  in  the  liquid  lUelf, 
provided  the  quantity  of  [xitastiiinii -carbonate  be  uot  too  small. 

Equivalent  quantities  of  KjSO,  +  2KgC034-2HCl  +  BaCOs  when 
mixed  with  sufficient  water  change  into  BaS(),-)-2KHC()3-i-2KCl, 
and  it  is  therefore  more  than  sufficient  to  add  twice  the  quantity  of 
potassium  carboiiiitc  ('oin|mrpd  with  the  .alkaline  Mul]tliate  ojierateil 
upon. 

Barium  hydrate  is  added  with  a  view  of  I'cmoving  any  carlxinic 
anhydride  left  in  the  liquid  after  Ixiiliiig,  which  woiild  otherwise 
dissolve  some  of  the  excess  of  barinm  carbonate  contained  in  the 
precipitate. 

Any  barium  hydrate  not  required  to  I'cmove  C(.)j  is  acteil  ujwn  by 
the  iicid  potassium  carbonate,  but  does  not  inilTience  the  final  wsult. 

I'hospborie  and  oxalic  acids  the  author  |iro]ioses  to  remove  by  means 
of  calcium  chloride  ;  chromic  acid  by  deoxidizing  agents,  such  us 
alcohol  and  bydroebtorie  acid.  Bolilig  recomniends  this  method  for 
estimating  sulphuric  acid  in  ashos,  crude  swla,  Stassfurth  salts,  etc. 

Kobitions  containing  baryta  are  estimated  in  like  luauner  by  pre- 
cipitation as  carlmnatc,  and  d<M-omiH>sition  with  jxttassinin  sulphate 
in  a  solution  containing  free  carlwnic  acid,  Chloriue  is  detenuiued 
in  solutions  by  first  precipitating  any  metallic  chloride  with  potassium 
carbonate  added  iu  nioileratc  excess.  The  filtrate  is  made  up  to  250 
c.c,  and  t!ie  excess  of  jKitassium  carlwnate  determined  iu  50  c.e.  by 
means  of  a  nonnal  solution  of  HCL  12b  c.c.  of  the  solution  are  next 
treated  with  excess  of  silver  oxide  and  made  up  to  250  c.c,  well 
shaken  (out  of  contjict  with  the  light)  and  filtered.  100  c.c.  of  tlie 
filtrate  are  titrated  with  nonnal  hydroehhiric  acid.  The  difference 
between  the  quantity  of  acid  rcquiretl  in  tlie  last  and  that  of  tlie  fii'st 
exiieriment^  multiplied  by  5,  gives  the  amount  of  chlorine  contained 
in  the  original  solution.  A  portion  of  the  filtrate  should  be  tiM<ted  for 
chlorine  by  means  of  meivurous  nitrate. 

The  filtrate  is  ohtained  perfectly  clear  only  iu  the  presence  of  some 
potassium  or  sodium  carbonate,  and  by  employing  ai^'Utic  oxide  free 
from  argentoiii  oxide.  A  few  drops  of  pure  jnitassium  permanganate 
added  to  the  argentic  oxide  jireservcd  in  water  prevent  formation  of 
the  latter.  The  oxide  to  Iw  employed  for  each  cxi>eriuient  is  filtei-ed 
when  required,  and  thoroughly  washed. 

Bromine  and  iodine  are  determined  in  like  uianuer.  Tbe  author 
has  not  been  able,  however,  to  estinmte  the  mixtures  of  the  haloj^en 
salts  ;  but  he  has  made  the  interesting  observation  that  ]>otJissium 
iodide,  when  lioiled  with  iiermanganate,  is  completely  oxidized  into 
iodate.  Tliis  facilitates  tbe  detection  of  small  quantities  of  chlorine 
and  bromiue,  in  the  piTJsence  of  much  iodide.  The  greater  i»rt  of 
iodate  may  be  separated  also  by  ]irecij»itation  with  liarium  nitrate 
before  determining  chloruie.  Tlie  standard  acid  solutions  which 
Bohlig  employed  contained  not  more  tlian  one-thlnl  of  the  equivalent 
of  HCl  or  SO3  ]>er  liter. 

For  further  particulars  reference  must  l>e  made  to  tbe  original  pajier 
{Arch.  Pharm..  3  cxlv.  113). 

Siebold  {Year  linok  of  Pharmacy,  1878,  518)  describes  a  verj- 
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ingenious  process,  devised  hy  himself,  for  the  titration  of  caustic  aiid 
corbonattid  alkalies  by  means  of  prasaic  acid,  the  principle  of  which 
is  explained  in  §  59.  The  process  is  useful  in  the  ca.<ie  of  carbonates, 
since  COj  is  no  hindrance, 

0*6  t«  1  gat.  at  the  alkali  or  atkaliue  oarbaaale  is  diasolved  in  about  100  c.c.  of 
iraler,  and  an  excew  of  hydrocyanic  acid  (say  10  or  SO  c.c.)  of  6  per  cent,  aoluCtou 
added;  then  "/lo  silver  solution  cnutioualy  added  with  consist  etirring  until 
a  faint  pemmnent  turbidity  occurs.  Each  c.c  of  "^/lo  sil^r  =  0-0138  ijm.  K.COj, 
or  O0L06  gm.  NajCOj. 

In  the  case  of  chlorides  being  present,  their  quantity  may  be 
determined  by  boiling  down  the  mixture  to  alx>ut  half  its  volume  to 
exjiel  all  free  pnissic  acid,  adding  a  drop  or  two  of  potassium  chromate 
as  indicator,  then  titrating  with  "/i©  silver.  Any  excess  above  that 
required  in  the  first  titration  will  be  due  to  chlorine,  and  may  1« 
calcTilated  accordingly. 

A  voluminous  contribution  by  Dr.  Kuoss  on  the  general  volumetric 
estimation  of  metals  ]>recipitable  by  fixed  caustic  or  carbonated  alkalies, 
and  the  action  of  certain  indicators  in  relation  thereto,  is  given  in 
Z.  a.  a,  1896,  and  repr«lucc<l  in  C,  .V.,  May,  1896,  p.  247. 
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ANALYSIS    IfY    dXIDATIttX    OR    REDUCTIOX. 

§  33.  Tub  series  of  analyses  whtcli  occur  imdcr  this  system  are 
very  extensive  in  immber,  and  not  a  few  of  them  possess  extreiDf 
aocuracy,  such  in  fact,  as  is  not  possible  in  any  analysie  by  weight. 
The  completion  of  the  varioius  processes  is  generally  shown  by  a  distinct 
change  of  colour;  snch,  for  instance,  as  the  occurrence  of  the  beautiful 
i-iise-red  jicrnianganate,  or  tlie  blue  iodide  of  starcli ;  and  ae  the  smallest 
(luantity  of  these  su1)3tanccs  will  colour  distinctly  large  masses  of 
liqiiid,  the  slightest  cxei'ss  of  the  oxididng  agent  is  sufficient  to  produce 
a  distinct  etlcet. 

The  principle  involved  in  the  ]iroces8  is  extremely  simple.  Sub- 
stances  which  will  take  up  oxy(^n  are  brought  into  solution,  and 
titrated  with  a  stilistance  of  known  oxidizing  power ;  aa,  for  instance, 
it>  the  determination  of  ferrous  salts  by  permanganic  acid.  The  iron 
is  ready  and  willing  to  receive  the  oxygen,  the  permanganate  is  equally 
willing  to  part  with  it ;  while  the  iron  is  absorbing  the  oxygen,  the 
|)ermanganate  loses  its  colour  almost  as  soon  as  it  is  added,  and  the 
whole  mixture  is  colourless ;  but  immediately  the  iron  is  satisfied,  the 
ruse  colour  uo  longer  disappears,  there  being  no  more  oxidizable  iron 
present.  In  the  case  of  potassium  permanganate  the  reaction  is : 
lOFeO  +  2MnK(>j  =  5Fep^  +  2MnO  +  Kaf).  (Jsalic acid  occupies  the 
same  position  as  the  ferrous  salts  :  its  comixisition  is  C^O^Hj  +  2H,0  = 
126.  If  permanganate  is  added  to  it  In  acid  solution,  the  oxalic  acid 
is  oxidized  to  carbonic  acid,  and  the  manganic  reduced  to  manganous 
oxide,  thus  MnijUj  +  5C/VIs  +  2H^S(%=10COj  +  2MnSO^  +  7HjO. 
When  the  oxalic  acid  is  all  decomposed,  the  colour  of  the  permanganati^ 
no  longer  disap])ears.  On  tlic  otlier  hand,  subatances  which  will  give 
up  oxygen  are  deoxidized  by  a  known  excessive  quantity  of  reducing; 
agent,  the  amount  of  which  excess  is  afterwards  ascertained  by  residual 
titration  with  a  standard  oxidizing  solution ;  the  strength  of  the 
reducing  solution  being  known,  the  quantity  required  is  a  measure  of 
the  Hu1)stance  wliich  lias  been  reduced  by  it. 

Tlie  oxidizing  ageutt  best  available  arc — potassium  [termaugannte, 
iodine,  potassium  bichromate,  and  iwtossium  ferricyanide. 

The  reducing  agents  are — sulphurous  acid,  sodium  hyiwsulphite,'' 
sodium  tliiosnlphate,  oxalic  acid,  ferrous  oxide,  arsenioue  anhydride, 
stannoTia  chloride,  potassium  fci-rocyanide,  and  zinc  or  magnesium, 
and  a  very  powerful  deoxidizer,  titanious  chloride,  which  will  Ih; 
descriljed  furtlier  on. 

With  this  variety  of  materials  a  groat  many  combinations  may  be 
arranged  so  as  to  make  this  system  of  analysis  very  eompreliensive  : 
but  the  following  ore  given  as   sufficient  for  almost  all  purposes. 
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and  aa  being  susceptible  of  the  greatest  ammint  of  purity  ami  stability 
of  material,  with  exceedingly  accurate  residts  : — 

1.  Pcriuangauate  and  ferrous  salts  (with  the  rose  colour  aa  indi- 
cator) :  permanganate  and  oxalic  acid  (with  the  rose  colour  as 
indicator). 

2.  Potassium  hJchromate  and  ferrous  salts  {with  cessation  of  blue 
colour  ivhen  bi-ought  in  contact  with  solution  of  potassium  ferri- 
cyanide  as  indicator). 

3.  Iodine  and  sodium  thiosidpliate  (with  starch  as  indicator) ; 
iodine  and  sodium  arseiiite  (witli  starch  as  indicator). 


PREPARATION    (IV   STANDARD   SOLUTIONS. 

FEBUAiraAITIC   ACID   AND   FEBBOTJS   OXIDE. 

1.    FotaBBlum  Permanganate. 

>[n2K„Og  =  315-6.      Deciuomial  iSolution=3-15e  gni.  per  liter. 

§  34.  Thb  sohition  of  tliis  salt  is  heat  prei>ared  for  analysis  liv 
ilissolving  the  pure  crystals  in  fresh  distilled  water,  aud  shoiild  he 
of  such  a  strength  that  17'85  c.c.  will  oxidize  1  decigram  of  iron. 
The  solution  is  then  docinormal.  If  the  salt  can  l>e  had  perfectly 
pure  and  dry,  3-156  gni.  dissolved  in  a  liter  of  water  at  16°  C,  will 
give  an  exactly  decinormal  solution :  Init,  nevertheless,  it  is  always 
well  to  verify  it  as  descrilKsd  helow.  Fairly  piire  permanganate, 
in  large  crystals,  may  now  be  obtaijied  in  commerce,  and  if  tliia  salt  is 
recrystallized  twice  from  hot  distilled  water  and  dried  thoronghly  at 
100°  C,  it  will  1)6  found  practically  pure.  If  kept  in  the  light  in 
ordinary  bottles  it  will  retain  its  strength  for  several  months,  if  in 
,  Iwttles  covered  with  hiack  ijajwr  much  longer,  nevertheless,  it  should 
from  time  to  time  be  verified  hy  titration  in  one  of  the  following 

2.    Titration  of  PermanKanate. 

(a)     With.  Metallic  Iron. — The  purest  iron  to  Ixi  obtained  in 

commerce  is  thin  aniiealeil  binding  wire  free  from  rust,  geuerally 

known  as  flower  wire.*     Its  actual  jiercentage  of  jiure  iron  niav  bo 

taken  as  99-6. 

Method  of  Pbocedube  :  Fit  a  tight  cork  or  rubber  Blopper,  wilh  bent 
delivery  tube,  into  a  flask  holding  sbotit  300  c.c,  and  clamp  it  in  a  retort  stand 
in  an  inclinedposition,  the  (ube  90  bent  ae  to  dip  into  a  small  beaker  containing 
pure  water.  Fill  the  flask  one-lhird  with  dilute  pure  sulphuric  acid,  and  add  a 
few  f^ins  of  sodium  carbonate  in  cr^lahi ;  the  CO,  so  produced  will  drive  out 
the  air.  While  this  is  being  done  Wei i,'h  about  O"!  (train  of  the  wire;  put  it 
quickly  into  the  flask  when  tiie  soda  is  dissolved,  and  apply  a  ^ntle  heat  till  the 
iron  is  complelely  in  solution ;  a  tew  bUck  specks  of  carlmn  are  of  no  con- 


mnda  to  produce  pure  metilUc  iron  by  dectrolyeiH. 
it  olwBTB  ilepeodable. 
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stquence.  The  fliwk  is  then  rapidly  oooled  under  ■  stream  of  oold  wsler,  diloled 
if  neceuiaiy  with  ftyjoe  recently  boiled  uid  cooled  water,  uid  the  pemuuiiniiate 
run  in  cauliouiilj-  from  a  lap  burette,  nith  constsnt  shaking,  until  a  faint  rose- 
colour  in  permanent.  InHtnul  of  this  amni^ment  for  diBsolvinu  tlie  iron  the 
■ppantuR  shown  in  the  lectinn  on  iron  analyKif  mny  be  uivd.  §  03. 

The  ilecom|M*ition  wliich  ensues  from  titrating  ferroue  oxide  liy 
]ifrniaiigauic  acid  may  be  representt'd  as  follows ; — 

10F(;(>  and  Mn/);=2SrnO  and  5V\i\. 

Tlie  wei(,']it  of  wire  taken,  midtijiliw)  by  0'996,  will  give  the 
actual  weight  of  jiui'e  iron  iiimiti  which  to  cakidato  the  streiifttli  of 
the  pprmangaiiatc. 

(/')  With  Ferrous-ammoiiium  Sulphate. — In  order  to 
ascertain  the  streiif^'th  of  the  {tcrmaitganah',  it  may  be  titrate<i  with 
a  weighed  <[iiaiitity  of  tliis  snlislanee  inwti'ad  of  mefallic  iron. 


Tliis  sih  is  a  convenient  one  for  titrating  ^he  pGrinnni;»niite,  as  it  saves  the 
lime  and  trouble  of  diraolviuK  the  iron,  and  when  perfectly  pure  it  can  be 
Uei^nded  on  without  risk.  To  prepare  it,  13i>  parts  of  the  purest  cryetaU  of 
ferrous  sulphate,  and  66  jiarlii  of  pure  cryslallized  ammoninm  sulphate  are 
Keparately  disaolved  in  the  Itasl  jiossible  iiiuinlity  of  distilled  water  of  about 
4&  C.  (it  the  solutions  are  not  perfectly  clear  tbey  must  be  filtered) ;  mis 
tliein  at  the  same  temperature  in  a  porcelain  dish,  addin);  a  few  drops  of  pure 
sul]>liurlc  acid,  and  slir  llll  cold,  llurin^  the  stirring  the  double  salt  will  Fall  in 
a  finely  granulated  form.  Set  iLside  for  a  few  hours,  then  iionr  off  the  super- 
natant 1)i|uid,  and  empty  the  salt  into  a  clean  funnel  with  a  little  eollon 
wool  stulfert  into  the  neck,  so  that  the  niollipr-li<[unr  may  drain  away:  the 
salt  may  theu  be  ijuickly  and  repeatedly  pressed  between  fresh  sheets  of  clean 
filterinit  pa|ier.  lastly,  place  in  a  current  of  air  t«  dry  thomutchly,  so  that  the 
small  grains  adhere  no  longer  to  each  other,  or  to  the  paper  in  which  they  are 
contained,  then  presene  in  a  stoppered  hottle  for  use.  This  salt  is  useful  fur 
many  purposes,  and  should  be  made  by  the  analyst  himself,  as  it  is  difficult 
to  bnv  the  pure  ferrous  salt.  Only  a  few  ounces  should  be  made  at  a  time, 
aceoniiuj;  to  the  directions  aliove,  as  if  larf;e  iiuantities  are  made  it  is  difficult  to 
dry  lln'  Kramilar  salt  i[i  a  purely  ferrous  slati'. 

Tlic  f..mmla  uf  tlie  «idt  is— Fe  (Nir^)^  (SOJ^  6HoO  =  392. 
Ciiusetinently  it  ciuituhis  exactly  oiie-Meieiitli  of  itw  weifflit  of  iron  ; 
tlierefore  0-7  ((ni.  ri'iireweuts  O'l  giu.  Fe,  and  this  is  a  convenient 
(piantily  to  weigh  fur  the  ]»iq)ose  "f  titrating  the  [leniianganate. 

Mi-THOD  OF  PBorKin'KK:  0-7  pn.  bein«  lirout,'ht  into  dilute  enhl  solution 
in  .1  iln>k  or  beaker,  and  20  c.c.  of  dilute  sul|>lmnc  acid  (I  to  0)  added  (the 
tilraliiiii  of  (lermnnaanate,  or  any  other  sulislance  by  it.  should  alH-ays  take  pUico 
in  tiie  pnwnce  of  fn-e  ai'.iil,  and  prefer:ibly  sulji'huric),  the  permanipinale  is 
delivcrwi  from  a  luireltc  with  ^'^"S  tap,  as  before  descrilicd,  until  a  ]>oiiit  occurs 
nlieii  the  rose  coluur  nu  longer  disappears  on  shnkiiij;. 

(c)  With  Oxalic  Acid.— This  is  a  very  quii'k  method  of  titrating 
l-erinanpinate,  it  (lie  e.\act  value  of  the  solution  of  pure  o):alic  acid  is  known. 
lt>  e.c.  of  normal  solulimi  arc  brought  into  a  flask  with  rlihite  sulphuric  acid,  an 
in  the  ease  of  the  iron  salt,  and  considerahly  dilutcl  with  water,  then  warmed  to 
about  Otf  C,  and  the  permanganate  adde^l  fnim  the  burette.  The  uoiour 
disnpiiears  slowly  at  first,  iHit  afleni-wils  niim'  rapidly,  heconiini;  first  brown, 
then  yellow,  and  so  on  to  <i)liiurle^s.  Jlore  care  iniist  be  exercised  in  this 
CIS.'  than  in  the  tifralii'ii  with  iron,  as  llie  action  is  not  momentary.     100  c.c. 
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(rf)  Witli  Sodium  Oxalate.— The  method  of  titration  ia  the  same 
as  with  oxalic  acid,  hut  is  preferahls  since  the  salt  may  easily  be  obtained 
pure,  and  beins  anhydrous  may  be  weighed  with  gie^t  exactnes.t.  A  decimnmul 
solution  may  be  nuide  by  dtsmlfitig  (i'7  gm.  x<er  liter.  This  is  one  of  the  bent 
methods  of  ascertainin);  the  exact  strength  of  pernuui)(iinate. 

3.    FreosutionB  in  Titratdng  with  Fermangaaate. 

It  mnst  !«  bonie  iii  niiml  that  free  aciil  is  always  necessary  in 
titrating  a  substance  mth  permanganate,  in  order  to  keep  tlie 
resiiltin)^  luan^^notis  oxide  in  solution.  Sulphuric  act<{,  in  a  dilute 
fonu,  lias  no  prejudicial  effeet  on  the  pnre  jxinnanganate,  even  at 
a  high  temperature.  With  liy(lrochh)ric  acid  tlie  solution  to  he 
titrated  must  !«  very  dilute  and  of  low  temperature,  otherwise 
chlorine  will  be  lil>erated  and  the  analysis  spoileil.  This  acid  aets 
as  a  reducing  ^cnt  on  permanganate  in  concentrated  solution, 
thus— 

Mnp;  +  14HCI=7HaO  +  10CI  + 2MnCl,. 

The  iiTegtilaritiei<  due  to  tluK  reaction  niay  he  entirely  obviated 
by  the  addition  of  a  few  grams  of  mangatious  or  ammonium  sulphate 
before  titiution. 

I_>rf[anic  matter  of  any  kind  deeomimses  the  permanf^anate,  and 
tlie  solution  therefurc  cannot  he  filtered  througli  japer,  nor  can  it  Iw 
u.'icd  in  a  chp  burette,  l)ecauae  it  is  decomposed  by  the  india-ruhher 
tulle.     It  may,  however,  bo  filtered  thnrtigb  gun  cotton  or  glass  wool. 

TITBATIOH  OF  FEBBIO  SALTS  BY  PEBUAITOANATE. 

g  ■'SS.  \u.  ferric  eompoumls  reciniriiijr  to  In;  estimated  by 
pennangnnate  must,  of  coin'-se,  be  reduceil  to  the  ferrous  state. 
This  is  be.st  accomplished  by  metaliie  zinc  or  uiagncsiuni  iti  sulphuric 
aciil  Bohitioii,  Ifydnichlorie  may.  also  be  used  with  tin-  precautions 
mentioned. 

The  ret1ui'ti<m  occurs  on  simply  adding  to  the  warm  diluteil  solution 
small  pieces  of  /ine  (frtie  from  iimi,  or  at  least  with  a  kn()wii  quantity 
pii'scnt)  or  coarsely  powdered  mnjfin'sitiin  until  colourless  ;  or  until  u 
drop  of  the  solutioti  brotight  in  contnet  with  a  drop  of  iwtassium 
tbiocyanati^  piwluees  no  red  colour.  All  the  zinc  or  ni^ieninni  must 
be  dissoUcd  previous  to  the  titration. 

The  reduction  may  be  hiistened  c<insidemlily  as  shown  in  g  6:1.2. 

When  the  re.Uieti'rm  is  eoiiiplete,  u"  time  slumld  be  lost  in  titrating 
the  solution. 

CALCtTLATIOlf    OF    ANALYSES    MADE    WITH 
PERMANGANATE  SOLUTION. 

§  36.  The  ciiiciilation  of  nnnlyses  with  iterniajignnate,  if  the 
solution  is  nnt  strictly  deciiLonnal,  may  Im  made  by  ascei'taining  its 
coefficient,  reducing  the  nnmber  of  c.c.  used  for  it  to  decinon-.ial 
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strengtli,  and  multiiilying  the  lunulwr  of  c.c.  tliua  found  liy  j  oJiro  "f 
tlie  equivalent  weight  of  the  substance  sought ;  for  instance — 

>Snj)pose  that  15  c.c.  of  jiermangauatc  aolution  hare  Iwen  fumul 
to  eqnsl  O'l  gin,  iron  ;  it  is  required-  to  reduce  the  15  c.c. 
to  dccinoniial  strengtli,  wliich  would  reiniire  1000  c.c.  of  imt- 
nianganate  to  every  5-6  gin.  iron,  therefore  5-6  ;  1000  ;  ;  O'l  ix^ 
17  85  c.c;  17a5x00056=0-09996  gin.  iron,  which  is  as  near  to 
O-I  gm.  as  can  he  required.  Or  the  coofBcicnt  necessary  to  i-eihicc- 
the  nunil^er  of  c.c,  used  may  lie  found  as  follows: — O'l    :    l-"]    :  : 

r)'6  :  .(■=84  c.c,   therofowl?^=l-19.       Consequently    M9   w    tlie 

coeificieiit  hy  which  to  reduce  tlie  number  of  c.c.  of  that  jii>eeial 
l^miaiiganato  used  in  any  analysis  to  the  decinoruinl  .'itrength  trom 
whence   the   weight   of    substance    sought    may    bo    found    in   the 

Another  plan  is  to  find  the  quantity  of  iron  or  oxalic  acid  k-jht- 
senteil  by  the  iiennanganate  used  in  any  given  analysis,  and  this  lieing 
done  the  following  simple  equation  gives  the  required  result : — 

Ke  (56)  cq.  weight  of  tlie  weight  the  weight  of 

or  tlie  sulistance  :  of  Fe  or      ;  HUltstance 

< '  (63)  sought  (.)  found  sought 

In  other  words,  if  the  equivalent  weight  of  the  substance  analyzed  ])e 
ilivifled  liy  56  or  63  (the  I'espective  equivalent  weiglits  of  iron  i)r 
oxalic  acid),  a  coefKcient  is  obtained  ity  which  to  umltijily  the  weight 
-of  iron  or  oxalic  acid,  equal  to  the  jicnnangauate  used,  and  the 
pnxluct  is  the  weight  of  the  substance  titrated. 

For  example ;  8ulphurottc<l  hydrogen  is  the  su1)Stance  sought, 
the  eq.  weight  of  Hj.S  corresponding  to  '2  er|.   Fe  is  17  :  let  this 

number  1h?  divided  liy  56,1^- =0-3 036,  therefore,  if  the  quantity  ol 

iwn  represented  by  the  pennangaiiate  used  in  an  estimation  of 
HgS  bo  mnltiplicd  by  0'3036,  the  product  will  Ije  the  weight  of  the 
sulphuretted  hydrogen  sought. 

Again  :  in  the  tnse  of  manganese  i>eroxi<le  wJiose  equivalent 
weight  is  43'4. 

43-4_ 
'  56  "■ 

Tlie  weight  of  iiwn  therefore  found  by  jiermanganate  in  any  analysis 
multi])liei1  by  the  coefficient  0'775  will  give  tlie  amount  of  [leroside 
MnOj.  ,^gaiii :  if  ?ii  giii.  iron=/.-  c.c.  iiennanganate,  then  1  c.c. 
|iennHnganate=_gm.  metallic  ireii. 

The  equivalents  here  given  are  cm  the  hydrogi'ii  scale,  in 
accordance  with  the  nonnal  .system  of  solutions  adopted ;  and  thus 
it  is  seen  that  two  e(|uivalents  of  iron  are  converted  from  tlie 
ferrous  to  the  ferric  state  by  the  same  quantity  of  oxygon  as 
suffices  to  oxidize  one  ecpiii-alent  of  oxalic  acid,  Kulpliuretted 
hydrogen,  or  manganese  jieroxide. 


lOo^^ie 


=0'7 


nXIDATlOK   ASD   llEnUCTIOS   ANALYSES. 


owes 

((IB.  Fe  eslimaW  in  tlie  ferroiw  slate, 

(MX)72 

,.    FeO 

OflOS 

.,  P«,o, 

(KI03733 

,.  v7 

,.    from  FeS 

(KX>50 

„    Sn 

„         .,    SnCIa 

0-00295 

„    Sn 

„         ..     SnS, 

000815 

„    Cu  estimated  from  CiiS 

0-00274 

„     Mu 

„      MnS 

000315 

„    Cu 

;;    :;  So*f*f' 

0-0063 

..    Cu 

00017 

.,    H^ 

00008 

■    2 

0-0063 

0002 

'.'.    CafromCaCA 

00120 

■.     Ur    „ 

UrO,  etc.,  el.;. 

When  |W8sible  tlie  iiccossary  coefficient'^  wiH  lio  j^ivi'ii  in  tlie 
tallies  preceding  any  leailing  substance, 

CHROMIC   ACID  AND  FEBBOITS  OXIDE. 

§  37.  Potassium  bicliroiuate,  whieli  api^ara  to  liave  l>eeti  first 
I)n>posed  by  Penny,  iK>ssessc8  the  advantage  over  jiennanganate,  that 
it  is  ab9ohit«ly  permanent  in  snhition,  niay  easily  Ite  obtained  in 
H  pure  state,  and  its  solution  may  l)e  uaetl  in  Mohr's  burette  without 
undergoing  the  clmnge  peculiar  to  permanganate  :  on  tlie  other  hand, 
the  end  of  tlie  reaction  in  the  estimation  of  iron  can  only  be  known 
by  an  externa!  indicator;  that  is  to  say,  a  drop  of  the  mixture  is 
brought  in  contact  with  a  drop  of  solution  of  potassium  fenicyauide 
^freshly  prepared)  upon  a  white  slab  or  plate.  While  the  ferrous 
oxide  is  in  tolerable  excess,  a  i-ich  blue  colour  occurs  at  the  point  of 
contact  between  the  drojM ;  l)Tit  as  this  excess  continues  to  lessen  by 
the  addition  of  the  bichromate,  the  blue  becomes  somewliat  turbid, 
havuig  first  a  green,  then  a  grey,  anil  lastly  a  brown  shade.  When 
the  greenish-blue  tint  has  all  disappeared,  the  process  is  finished.  Tliis 
series  of  ehanges  in  tlie  colour  admits  of  tolembly  sure  reading  of  the 
Imrette,  after  some  little  practice  is  obtained. 

The  reaction  l)etween  chromic  acid  and  ferrous  oxide  may  Im! 
representeil  by  the  formula  : 

2Cr<)3  +  6Fell=Crjl  )^  +  3Fo,(  >^. 
The  decomposition  takes  place  immediately,  and  at  onlinary  tempera- 
tures, in  the  presence  of  free  sulphuric  or  hydrochloric  acid.     Nitriu 
acid  ia  of  course  inadmissilde. 

The  reduction  of  ferric  comiwunds  to  the  ferrous  state  may  be 
actio uiplished  by  zinc,*  luagncsium,  sodium  siiljihite,  ammonium 
bisulphite,  or  sulphurous  acid  ;  or,  instead  of  these,  stannous  chloride 
may  be  used,  which  acts  very  rapidly  as  a  reducing  agent  upon 
ferric  oxide,  the  yellow  colour  of  the  solution  disajijiearing  almost 
immediately. 

*  When  line  la  ukkI,  the  ilnc  (emcjialile  Mmewhat  obscutea  the  prlticul  point  in  lesllng 
Jrlth  thB  Indicator. 

K 
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In  the  analysis  of  iron  ores,  reduction  by  tlie  latter  is  verj-  lapiil 
and  aen'iceable ;  the  greatest  care,  however,  is  necessary  that  the 
stannous  chloride  is  not  present  in  excess,  as  this  would  consume  the 
bichromate  solution  equally  tvith  the  ferrous  oxide,  and  so  lead  to 
false  results.  The  discliai^e  of  the  yeUow  colour  of  the  iron  solution 
may  with  care  be  made  a  very  sure  indicator  o(  the  exact  point  of 
reduction.  But  in  order  to  obviate  the  inaccuracy  which  would  lie 
produced  by  an  excess  of  tin  in  the  state  of  protosalt,  an  aqueous 
solution  of  mei'cunc  chloride  should  be  added  to  tlie  mi.xture  in  slight 
excess ;  tlie  stannous  chloride  is  then  all  converted  into  stannic 
cldoride,  and  the  titration  with  bichromate  may  proceed  as  usual; 
a  jirecipitate  of  Hg^Cl^  does  not  inlf  rfere.  The  concentrated  hydro- 
chloric solution  of  iron  is  lieated  to  gentle  boiling,  and  the  moderst«ly 
dilute  tin  solution  added  with  a  pi]>ette,  waiting  a  moment  for  each 
addition  till  the  last  traces  of  colour  liave  disappeared ;  the  solution 
is  then  poured  into  a  beaker,  diluted  with  boiled  and  cooled  water, 
inerciiric  solution  added,  and  titrated  with  the  bichromate  as  above 
described. 

It  is  absolutely  necessarj'  that  the  solution  of  ferricyanide  used  as 
the  indicator  with  bichromate  should  be  free  from  ferroeyanide ;  and 
as  a  solution  when  exposeil  to  air  for  a  short  time  becomes  in  some 
measure  converted  into  the  latter,  it  is  necessary  to  use  a  freshly 
|)rei)ared  liquid. 

1.    Preparation  of  the  Deoinonnal  Solution  of  Bichromate. 

4'913  gra.  jier  liter. 

Tlie  reaction  which  takes  place  between  [lotassinm  bichromate  and 
ferrous  oxide  is, 

6FeCI  +  Cr2K/)j=3Fe/la  +  Cr/),  +  K^l  I. 
It  is  therefore  necessary  tliat  J  eq.  in  grams  slioidd  be  used  for  the  liter 
as  a  normal  solution  and  55  for  the  decinormal,;  and  as  it  is  preferable 
on  many  accounts  to  use  a  dilute  solution,  tlie  latter  is  the  more 
convenient  for  general  jiurposes. 

Taking  the  equivalent  number  of  chromium  as  52'1,  that  of  potassiiun 
bichromate  is  294'68;  if,  therefore,  ^,f  of  this  latter  number  ■=4'91  gm. 
of  the  pure  well  dried  salt  be  dissoh'cd  in  n  liter  of  water,  the  deci- 
normal solution  is  obtained. 

1  c.c.  of  this  solution  is  cajjable  of  yielding  up  tjjJtjtj  oq.  in  grams 
of  oxygen,  and  is  therefore  equivalent  to  the  ^^^i^^;  ^*1-  "^  *"J' 
KuVtance  which  takes  up  1  equivalent  of  oxygen. 

2.    Solution  of  Stannous  Chloride. 

About  10  gm.  of  pure  tin  in  thm  piece ■<  are  put  into  a  large  [ilatiuum 
capsule,  about  200  cc.  strong  pure  h\drochlotic  acid  poured  over  it, 
and  heated  till  it  is  di.'tsolved  ;  or  it  mav  be  dissolved  in  a  ]>orcelain 
capside  or  glass  ilask,  adding  pieces  of  platinum  foil  to  excite  a  galvanic 
current.     Tlie  solution  so  obtained  i'  diluted  to  about  a  liter  with 
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distilled  water,  and  preserved  in  the  bottle  (fig.  24)  to  wliicli  the  air 
(.'an  only  gain  access  through  a  strongly  alkaline  solution  of  pyrogallic 
acid.  AV'hea  kept  in  this  maaner,  the  strength  will  not  alter  materially 
in  a  month.  If  not  so  preserved,  the  solution  varies  considerably 
from  day  to  day,  and  tlierefore  should  always  be  titrated  before  use  as 
described  in  |  64  if  required  for  (piantitative  analysis. 

lODIITE   AND  SODIUM  THIO SULPHATE. 

g  38,  Tub  principle  of  this  now  beautiful  and  exact  method  of 
analysis  was  first  discovered  by  Dupasquier,  who  used  a  solution  of 
sulphurous  acid  instead  of  soittum  thiosupbate.  Bunnell  improved 
bis  method  considerably  by  ascertaining  the  sources  of  failure  to  which 
it  was  liable,  which  consisted  in  the  use  of  a  too  concentrated  solution 
of  BidpbnrouB  acid.  The  reaction  between  iodine  and  very  dilute 
sulphurous  acid  may  be  represented  by  tlie  formula-  - 

SOj  +  I^+2H20=2HI  +  H^SO^. 

If  the  aulplmroiis  acid  is  more  concentrated,  i.e.,  above  0-04  per  cent., 
in  a  short  time  the  action  is  reversed,  the  irr^ularity  of  decomixtsition 
varying  with  the  quantity  of  water  present,  and  the  rapidity  with 
which  the  iotline  is  added.* 

Sidphurous  acid,  however,  very  rapidly  changes  by  keeping  even  in 
the  most  careful  manner,  and  cannot  therefoi'e  be  used  for  a  standard 
solution.  The  sn1>stitution  of  8odi\uu  thiosulpliate  is  a  great  advant^e, 
inasmucli  as  the  salt  is  easily  obtained  in  a  pure  state,  and  may  he 
directly  weighed  forthe  standard  solution.  The  reaction  is  as  follows; — 
2NajK/)j  +  21  =  2SaI  +  Ka^SjC  )„, 

the  result  being  that  tliiosulphurie  acid  takes  oxygen  from  the  water, 
with  the  ])roduction  of  tctrathionic  and  liydriodic  acids  in  combination 
with  soda. 

In  or<ler  to  ascertain  the  end  of  the  reaction  in  analysis  by  this 
method  an  indicator  is  necessary,  and  the  most  delicate  and  sensitive 
for  the  pur^Kise  is  starch,  which  |)TOduces  with  the  slightest  trace  of 
free  iodine  iu  cold  sohitiou  the  well-known  blue  iodide  of  starch. 
Hydriwiic  or  mineral  acids  and  iodides  have  no  influence  iijxin  the 
colour.     Caustic  alkalicj*  destroy  it. 

The  principle  of  this  method,  namely,  tlie  use  of  iodine  as  an 
indirect  oxidizing  boily  by  its  action  m^n  the  elements  of  water, 
forming  liydrio<iic  acid  with  the  hydrogen,  and  liberating  the  oxygen 
in  an  active  state,  can  be  applied  to  the  determination  of  a  great 
variety  of  substances  with  extreme  accuracy. 

Bodies  which  take  up  oxygen,  and  decolorize  the  iodine  solution, 
such  as  aidphurous  acid,  sulphites,  sulphuretted  hydrogen,  alkaline 
thiosulpliites  and  arsenites,  stannous  cbloride,  etc.,  are  brought  into 
dilute  solution,  staroh  added,  and  tlie  iodine  delivered  in  with  constant 

•Th»i]T(«nlailtylsiiairDhTut«lb7theioetliodofaileiuid8ha>rar(f7fl.S),iiiwIil<ib 
■oIntioDi  of  SOt  oi  lulFhitw  of  *bi  BtreiiRth  nwT  be  accuiBtely  titiutod  with  iodine,  bjr 
adding  the  lottai  to  tlis  torsur  in  exuau,  uid  irhea  tb«  reaction  i*  omnplste  titnUng  Uu 
Hcmi  of  iodine  with  thioBolphiile. 
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shaking  or  stirring  until  a  point  occurs  at  whioli  a  final  drop  of  loiliiie 
colours  the  whole  lilue^a  sign  that  the  substance  can  take  up  no  nioru 
iodiue,  anil  that  the  droj)  iu  excess  has  shown  its  characteristic  effect 
upon  the  starch. 

Tree  cldorine,  or  its  active  compounds,  cannot,  however,  Ije  titrated 
with  thiosiilphate  directly,  owing  to  the  fact  that,  instead  of  tetnthionic 
acid  heing  produced  as  with  itidiiie,  sulphuric  acid  occurs,  as  may  be 
readily  seen  by  testing  with  larium  chloride.  In  such  cases,  therefore, 
the  chlorine  must  be  evolved  from  its  cojnpound  and  jtassed  into  an 
excess  of  solution  of  pure  i«>taaaium  iodide,  where  it  at  once  liberates 
its  equivalent  of  ioiline,  which  can  tlien,  of  course,  be  estimated  with 
thiosulphate. 

All  boilies  which  contain  available  oxygen,  and  ivhicli  evolve  chlorine 
when  boiled  with  strong  liydrocldoric  acid,  such  as  the  cliromatcs, 
nianganates,  and  all  metallic  [wruxides,  can  be  readily  and  most 
accurately  estimated  by  this  method. 

1.     Freparatioii  of  the  Dooinormal  Solution  of  Iodine. 

1  =  127;  12-7  gm,  jier liter. 

Chemically  pure  ioilinc  may  Ix-st  be  obtained  by  the  Stas  method, 
toinmen^ial  resublimed  iodine  is  mixed  with  about  one-half  of  its 
weight  of  potassium  iodide,  and  dissolved  in  lialf  its  weight  of  water, 
the  iodine  is  then  precipitated  by  ivater,  then  transferred  to  a  funnel 
whose  neck  is  filled  with  fresldy  ignited  asbestos,  then  well  washed  to 
remove  the  ]>otasKium  iodide,  and  dried  at  a  moderate  heat,  and  finally 
'>ver  sulphuric  acid.  It  is  then  sublimed  by  gently  heating  the  iodine 
Ijetween  two  lai^e  watch-glasses  or  ]>orcelaiu  ca])aules ;  the  lower  one 
l>eing  placed  ujton  a  lieated  iron  plate,  the  iodine  sublimes  in  brillisnt 
plates,  which,  with  the  exception  of  a  trace  of  moisture,  it  is  then 
sublimed  again  twice,  and  finally  dried  over  sididuuic  acid. 

Another  method  of  sublimation  lias  been  carried  out  by  A.  Gross 
(C.  N.  88,  274)  03  follows  r— 

The  iodine  prepared  by  the  methodH  prevtouslj  described  ivas  placed  iu  a,  piece 
-of  combuetion  tubing  slightly  inclined,  and  resting  od  a  support.  FoUowinj,' 
the  iodine  was  a  plug  of  i^niled  asbestos  U)  prevent  the  heated  iodine  from 
runninK  down  the  tube.  '1  he  lower  end  of  the  tube  ims  connected  to  two  tubes 
cont^ning  phosphoric  anhydride,  and  one  cantainin^  calcium  chloride.  In  this 
manner  the  air  drawn  throut^h  was  perfectly  dry.  The  upper  end  was  covered 
by  a  bottle  fitted  to  a  rubber  cork  to  catch  any  vapour  not  previojisiy  oondensed. 

Through  the  cork  pa.-<scd  a  k^ssb  tube  which  comiected  to  an  empty  jar  as 
a  precautionary  measure,  and  in  turn  to  a  cylinder  cnntaiaing  water  and  the 
suction  pump.  The  siiclion  was  rej^nlated  by  the  bubbles  produced  in  the 
cylinder.  To  prevent  any  accident  from  too  sudden  heating  a  piece  of  iron  pipe 
was  placed  over  that  part  of  the  tube  containing  the  asbcstps  and  Iodine,  and 
extending  beyond  for  about  four  inches.  This  was  protected  from  the  glass  by 
asbestos. 

A  gentle  heat  was  used  and  enough  suction  applied  to  condense  the  vapour 
sufGciently  far  enough  away  from  the  pijie  to  prevent  any  liquefaction  of  the 
sublimed  crystals. 

The  succeeding  two  Buhlimations  were  conducted  in  precisely  the  same  manner. 

The  watch-glass  or  capsule  containing  the  iodine  is  placed  imder  the 
exsiccator  to  cool,  then  12'7  gm.  arc  accurately  weighed,  and  together 
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with  about  1^4  giu.  uf  ])ure  potassium  iodiOc  (free  from  iodate)" 
(lisaolveil  ill  alxnit  250  c.c.  of  water  ami  diluted  to  a  liter,  Tlie  flask 
iimat  not  )«  lieateii  iu  onler  to  promote  Holution,  or  iodine  vapoiiw 
would  be  loHt  ill  the  ojieration. 

Tlie  ioiliiie  solution  i.s  beet  preserved  in  eto)i|xtrcd  littles,  kept  coc>} 
ill. the  dnrk,  and  whicli  hIiouM  be  conipIeteJ.v  filled. 

Tlie  verifieatioii  of  the  iodine  solution  niay  be  done  in  many  waj'!*. 
I'ure  swMlinm  thinsulpliate  prepared  aa  described  below,  or  a  strictly  */io 
solution  of  it,  or  a(5ain  pure  arsenious  acid  or  its  "/u,  solution,  with  the 
addition  of  a  little  eodium  bicarbonate.  It  may  be  titrated  with 
barium  tliiosulpliate  as  proposed  by  Plimpton  ami  Chorlej';  thJK 
latter  salt  possrsses  a  high  molecular  weight,  267  ]«rts  being  equivalent 
t<i  127  of  io<.line,  but  being  s])aringly  soluble  in  water  the  titration 
miint  bo  carefully  done,  inasmuch  as  the  cryKtalline  powder  lias  to  lie 
gradually  decouqmsed  by  the  iodine,  and  the  end-point  may  easily  )>e 
iiverateppe<I.  A  weighed  <|uauttty  of  the  finely  powdewd  iJalt  is  pwt 
into  a  stopjiered  bottle  with  wat«r,  and  the  inline  run  in  from  a  burette 
(vitli  continuous  tilmking,  until  the  §alt  is  nearly  diHsolvcd ;  starch 
indicator  is  then  added,  and  the  iodine  continued  with  sliaking  until 
the  blue  colour  is  faintly  twrmanent. 

Pure  barium  thiosulpliate  i^  easily  prejiared  Tiy  mixing;  tt^ether 
a  warm  solution  of  50  gm.  of  wxliiim  thiosulpliate  in  300  c.c  of 
water,  and  40  gm.  of  baiiiun  clUoride  iu  a  like  volume  of  warm  water; 
after  stirring  vieU,  the  salt  soon  separates  in  fine  [wwdery  crystals. 
These  are  collected  in  a  funnel  scoppetl  witli  glass  or  cotton  wool, 
i^iieatedly  washed  with  cold  water  tUl  all  chlorine  is  removed,  then 
dried  at  b(.-Iow  30°  C.  on  a  glass  or  porcelain  plate  until  all  extraneous 
moisture  is  removed  ;  or  the  crystals  may  be  treated,  after  thorough 
washing  with  ah'ohol  and  ether,  as  <les<'ribecl  Imlow  for  soilium 
thiosulpliate. 

2.    Deoinonnal  Sodium  Thiosulphate. 

Xa^S,(  )^,  5Hjl  I  =  24t<-27  =  24-P27  gm.  i>er  liU-r. 

It  is  not  diflitult  cither  to  manufacture  or  pioi'ure  pure  sodium 
thiosulpliate,  but  there  may  l>c  uncertainty  ai<  to  extraneous  water  held 
within  the  crystals.  Iu  onlet  to  avoid  this  Meineko  (C/iem  Zeit. 
xviii.  33)  recommends  that  the  otherwise  pure  crystals  be  broken  to 
coarse  powder,  washed  first  with  pure  alcohol,  then  with  ether,  and 
lastly  dried  in  a  current  of  dry  air  at  ordinary  tem|)erature.  The  salt 
HO  prepared  may  lie  weighed  directly,  and  dissolved  in  a  liter  of 
distilled  water,  and  then  titrated  witli  th?  iodine  solution  and  starch. 
It  is  advisable  to  presene  the  sohition  in  the  dark.  After  a  time  all 
Kolutions  (if  tliiosidpliate  undergo  a  slight  amount  uf  oxidation,  and 
sulphur  doiwsits  uiwii  the  bottle ;  it  is  therefor*-  always  advisable  to 
titrate  it  jirevious  t<>  uw. 

■Moras  imd  Burton  Mmrr.  Chem.  Jour.,  18%)  atata  that  potauium  iodido  tnay  be 

ifilsteb'  frewl  from  iodate  by  boiling  a  --'■■" '  "  — ■■■ ' -■  ••- 

king  ilDcdiut  in  Bood  propottioii  with  : ._, - 

—  ilelely  reduced  witli  formation  of  linc  hjdroilde.    The 


t  in  Bood  propoitloii  with  m 

,    Alio  iodate  u  cempleteljr  red .- .,, , — 

HI  of  iodida  ia  filtered  lor  lue  throagh  a  paper  Mter  astumted  with  hot  water. 
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In  using  tlie  iodino  solution  a  tap  burette  should  be  einployi'il,  n^ 
tlie  rubber  tube  becomes  hard  and  unless. 

8.    Starcli  Indicator. 

One  part  «i  i-leau  [lotato  starch,  or  arrowriMit,  is  first  mixed 
smoothly  with  cold  water  into  emolaioii,  then  gradually  poiireil 
into  about  150  or  200  timea  its  weight  of  boiling  water,  tlie  boiling 
eontinue<l  for  a  few  minutes,  then  allowed  to  ftaiid  and  settle 
thoroughly;  the  clear  solution  only  ia  to  Iw  used  as  the  indicator, 
"f  Vr'liich  a  few  dii>ii8  only  are  necessary.*  The  solution  may  be 
]irescn-ed  for  some  time  by  adding  to  it  a  few  dro]>8  of  chloroform, 
and  sliaking  well  in  a  stoppered  bottle,  hut  it  is  preferable  to  use  a 
fresh  solution  in  all  cases. 

Lintner's  scdublc  starch  acts  well  as  an  indicator,  as  it  gives  at 
once  a  clear  solution  in  boiling  water.  The  colour  which  occurs  with 
this  form  of  starcli  is  not  quite  so  jmre  a  blue  as  fresh  ordinary 
starch,  owing  to  the  presence  of  some  dextrine  produce<l  unavoidably 
in  the  preparation,  but  it  is  no  hindrance  to  the  cnd-poiut  in  practice. 

^Extension  of  the  lodometrio  System. 


The  verificalion  and  extcnBion  of  iodometric  metliod-i  liave  received  consiJerable 
attenljon  from  a  great  number  of  cbemLita,  nmong  whom  may  be  mentioned 
J.  Warner  (Z.  a.  C,  1809,  427-453),  who  has  determined  the  accuracy  of  the 
estimation,  by  mesas  of  thioflulphste  solutjona,  of  the  iodine  liberated  from 
acidified  put^ium  iodide  Bolutioos  when  the  oxidiiia);  a^nla  employed  are 
potisslum  and  sodium  bromate,  potassium  bichromate,  chromate,  and  iodate. 
The  titralioRK  should  be  carried  out  in  flasks  and  not  in  beakers ;  a  titration 
with  potassium  bichromate  and  iodide  required  25-67  o,c.  of  thiosulphate  when 
carried  out  in  a  flask,  and  three  titrations  varied  by  only  001  c.a;  a  similu 
titration  in  a  beaker  required  2S'52  c.c.  of  thiosulphate,  and  three  titmtiona 
varied  ae  much  as  0<>7  c.c. 

With  reference  to  the  application  ot  io^omelry  to  the  estimation  of  acids  and 
alkalies  Walker  and  Gillespie  (Z.  a.  C.  1809,  194)  have  shown  that  when 
iodine  acts  upon  a  solution  of  a  metallic  hydroxide  at  a  temperature  high 
enaue:h  to  destroy  any  trace  of  hypoiodite  a  perfectly  neutral  liquid  is  {irodui^ 
whi^  contains  1  molecule  of  iodate  to  S  of  iodide.  On  adding  dilute  acid,  these 
two  salts  interact  in  the  well-known  way,  evolvin);  6  atoms  of  iodine ;  and  by 
titration  with  thiosulphate  or  arsenious  acid,  the  iodine— that  is  to  say,  the 
original  hydroxide  -may  be  estimated.  Similarly,  an  add  may  be  neutraliied  by 
a  known  excess  of  alkali  standardized  in  this  way,  when  determination  of  the 
surplus  will  pre  the  strennrtli  of  tlie  acid.  The  process  hax  been  tested  on  the 
hydroxides  of  the  alkalies  and  alkaline  earths,  on  sulphuric  and  hydrochloric 
acids;  and  although  the  precautions  necersary  Ut  avoid  loss  of  iodine  and 
carbonation  of  the  liquid  pcrhajw  render  it  soraewliat  complicated,  the  reaction 
prooeeda  so  smoothly  that  it  abonld  be  serviceable  fpr  the  indirect  analysis  of 
acids  and  probably  for  other  suitable  compounds.  It  cannot,  however,  be 
employed  on  alkali-melal  carbonitea.  The  method  outlined  by  Phelps 
(Analgtl,  1897,  55)  may  with  advanlage  be  slightly  modified.  A  moderate 
eicess  of  deciuormal  iodine  is  placed  in  a  lightly-covered  conical  flaiik,  the  alkali 
is  added  (or,  in  determining  acid,  the  acid  is  added,  followed  by  a  measured 
excess  of  standard  alkali),  ana  the  whole  is  boiled  tilt  all  free  iodine  is  volatilized. 
The  bulk  of  the  liquid  in  all  tests  should  be  uniform  and  as  small  as  possible, 

*  Id  iodometric  uial/aa*  it  Is  alwiya  rndTinble  in  litmtJDR  th«  bee  Iodine  with  tlilo- 
Bulphkte  or  uwniouB  •olnCinn  to  deli;  >ddilif  the  atarch  until  the  iodine  colour  ia  nnuri; 
removed  t  a  much  more  delicate  ending  maj  be  obtained  BJid  with  Tar;  little  sUtch. 
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starting  witb  nbout  100  c.c.  and  boiliuj^  don-n  U>  about  35  c.c.  The  \es^\ 
is  cooled  in  a  stream  of  water,  10  c.c  of  dilute  sulphuric  or  liydrochloric  acid 
added,  and  the  liquid  titrated  with  thiosulphate  and  starch  in  the  usual  way. 

W.  L,  Andrews  (Zeil  aKorg.  Chin,.,  1908,76)  states  that  when  chlorine 
njiter is  added  to  a  neutral solutionof  potassium  iodide  until  the  cblorotonn  used 
m  indicator  in  decolorized,  reaction  takes  place  according  to  the  equation : 
KI  +  3Clj  +  3HaO-KCl  +  HIOa  +  5UCI,  but  if  a  large  eicess  of  hydro- 
chloric  acid  is  present,  the  reaction  takes  place  according  to  the  equation  : 
KI  +  Clj  =  ECUICl.  In  both  cases,  the  eud-point  of  the  reaction  is  sharp. 
The  reaction  of  potassium  iodate  on  potnssium  Iodide  is  similarly  dejiendent  on 
the  amount  of  acid  present ;  if  there  is  a  large  excess  of  acid,  the  reaction  takes 
place  according  to  the  equation :  2KI  +  KIOj  +  6HC1-3KC1  +  8IC1  +  3H/>,  and 
this  reaction  is  used  in  the  estimation  of  iodides,  free  iodine,  chromates,  chlorates, 
antimony,  arsenic,  and  iron.  In  the  estimation  of  an  iodide,  so  much  con- 
centrated hydrochloric  acid  is  added  that  after  titration  there  will  be  not  less 
than  15  per  cent,  present ;  nbout  5  c.c.  of  chloroform  are  added,  and  the  solution 
is  titrated  in  a  stoppered  bottle  with  ^lio  potassium  iodate  solution  until  the 
chloroform  is  decolorized  and  the  aqueous  solution  is  yellow,  on  account  of  the 
presence  of  dissolved  iudine  chloride.  In  (he  estimation  of  oxidizing  compounds, 
a  known  eicess  of  potassium  iodide  is  first  added,  and  the  same  method  emploj-ed 
ill  order  to  determine  the  excess  which  has  been  taken.  For  the  estimation 
of  the  antimony  and  arsenic,  no  nitric  acid  and  ^ilTcr  nitrate  is  added.  The 
|irecipitale  is  washed  and  digested  with  zinc  and  dilute  sulphuric  acid ;  the 
resulting  solution  Is  neutralized,  filtered,  and  examined  by  the  method  already 
described. 

AITAIiTSIS  OF  SUBSTANCES  BY  DISTILLATION 
WITH  HYDEOCHLOBIC  ACID  INTO  ALKALINE 
IODIDE. 

'  g  39.  There  are  a  great  variety  i>f  stil)staiicfa  cimtaiiiiiig  oxygen, 
which  when  boiled  with  hydrocliloric  acid  yield  t-hloriiie,  equivalent 
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til  the  ivliolc  in'  a  jiart  milv  of  tin-  iixv^jt-ii  tln'V  contain  atfunliiii;  ti> 
ciicuiustanres.  T'ik>ii  this  fact  arc  l«sci]  thi'  variety  of  analyM-H 
wliich  iiiay  !«  acconiplistiod  1>,v  nioaiis  of  iodine  and  sodium  thiti- 
KtilpliBtc,  or  arscnite ;  tho  chlorine  po  evolved,  however,  is  not  itself 
efltiniaUnl,  Imt  is  couvevcd  l>y  ineanH  of  a  suitahle  apiamtus  into 
n  solution  of  iiotasRiiiin  ioiUdc,  tlierehy  liberating  an  etjuiraleiit 
i|iiaiitity  of  iodine.  Tliij  latter  hotly  is  then  estimated  hy  thio- 
Mulphate ;  tho  quantity  so  foiniil  in,  therefore,  a  measure  of  tint 
oxygen  existing  in  the  original  siilwtanee,  and  consequeiitly  a  Tiieasure 
of  the  RuUstance  it^<elf.  Analyxes  of  this  class  inay  bo  made  tho  mo^t 
exact  ill  the  whole  mnfje  of  vokuiietric  analysis,  far  outstripinng  any 

The  a|t]iaratus  used  for  distilling  the  siihstaures,  frnd  conveying  the 
lilierated  chlorine  into  the  alkaliiio  imlide,  may  ))osses8  a  variety  of 
forms,  the  most  scrvieeahli-,  however,  being  the  kinds  deviped 
rcs|>ectivcly  hy  Itunseii,  Fre«eniuH,  Mohr,  and  others,  among 
which  one  of  the  l>ost  is  on<-  cinistmctcd  so  as  to  avoid  the  use  of 
forks  or  india-mlilier,  U'hich  are  soon  destroyed  hy  the  cn^^OJli^'e 
action  of  ifnline  an<l  acid  (see  g  fii,  fig.  4.1). 


l!unseu'.«  arrangeim-nt  consists  of  an  invertcil  retort,  iiit«  Ihc  nei-li 
of  which  the  tube  from  the  Miiall  distilling  flask  is  passed. 
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Owing  to  the  great  aoliibility  of  HCl  in  the  foHu  of  gfls,  tliiv 
H|>paratus  iiiiiat  t>e  so  coiiHtructeit  thot  when  all  CI  in  lilierated  ami 
I[(J1  begins  to  di»til,  the  liquid  may  not  niHlk  leek  to  the  flask 
(i\ving  to  condensation. 

TJie  liest  preventive  of  this  regrirgitation  in,  however,  suggested  hy 
FreseniuR,  and  applicable  to  each  kind  of  apjiaratns  ;  namely,  the 
addition  of  a  few  |>iccee  of  pure  inagnesite.  This  substance  diasolvoK 
but  slowly  ill  the  hydrochlorie  acid,  and  so  keeps  up  a  constant  flow 
of  COj,  the  presaiirc  of  whit-h  is  suflieient  to  prevent  the  return 
of  the  liquid. 

Tlie  ap]wratiis  contiived  by  Fresenius  i.-:  shown  in  fig.  39,  and  i«. 
exceedingly  iisefiil  as  an  aliaoiption  ap]taratiis  for  general  pnrposes. 

^lolir's  apparatus  is  shown  in  fig.  40,  and  is,  on  account  of  its 
simplicity  ot  eonstniction,  very  easy  to  use. 

The  distilling  flask  is  of  about  2  oz.  ca])acity,  and  is  fitted  with  n 
cork  Boakeil  to  saturation  in  melteil  paraffin ;  through  the  cork 
the  delivery  tuljc  containing  one  bulb  passes,  and  is  again  passed 
tlinmgh  a  common  cork,  fitted  loosely  in  a  sti)nt  tulie  alwut  12  or 
l.t  ini'hes  long  and  1  inch  ^vide,  c1os<h1  at  one  end  like  a  test  tulH'. 
Tliis  tulw,  containing  the  alkaline  iodide,  is  placed  in  an  hydrometer 
glass,  about  12  inches  higli,  and  surrounded  by  cold  water;  the 
ileliver>'  tnlw  is  drawn  nut  to  a  fine  point,  and  reaches  nearly  to  the 
l>ottom  of  the  condenser.  No  supixirt  or  clainp  is  nocessaiy,  as  the- 
hydrometer  glass  keejts  everything  in  position.  The  aulistance  to  1k- 
distilled  is  ]>iit  into  the  flask  and  covered  with  strong  hydroelJorie 
acid,  the  niagnesite  added,  the  condenser  supplied  with  a  suflicient 
quantity  of  iodi<le  solution,  and  the  apimratus  ])ut  together  tightly. 
Eitlter  an  argond  or  common  spirit  lamp,  or  gas,  may  lie  iiscit  for 
heating  the  flask,  but  the  flame  must  im  manageable,  so  that  thir 
lioiling  can  be  regulated  at  will.  In  the  case  of  the  common  spirit 
lamp  it  may  lie  held  in  the  hand,  and  a]iplied  or  withdrawn  aceording 
t<)  the  necessities  of  the  case ;  the  ni^id  spirit  or  gas  lamp  can,  of 
course,  be  regidated  by  the  usual  arrange inentH  for  the  ]iurpose. 
If  the  iodine  litierated  by  the  ehl'irine  evolved  shoidtl  1*  mori* 
than  will  remain  in  fli>lution,  the  cork  of  the  condensing  tulie  must  Ih: 
lifted,  and  more  solution  added.  When  the  oiieratioii  is  judged  to  be 
at  on  end,  the  apjaratiis  is  disconnected,  and  the  delivery  tulte  washed 
out  into  the  io^lide  stdution,  which  im  tlien  emptied  into  a  licaker  or 
fla^-k  and  preserved  fur  titration,  a  little  fresh  iodi<le  solution  is  jiut 
into  the  condenser,  tlie  ap]«ratus  again  put  together,  and  a  second  dis- 
tillation commenced,  and  continued  for  a  minute  or  so,  to  collect  everj- 
trace  of  free  chlorine  present.  This  second  operation  is  only  necessary 
OS  a  safeguard  in  case  the  first  should  not  have  lieen  complete. 

The  solutions  are  then  mixed  together  anil  titrated  in  the  manner 
previously  descrilied.  In  all  eases  the  solution  must  lie  co<iled 
liefore  adding  the  thiosul|)hatc,  othenvisc  Bul]ihiiric  aciti  wight  lie 
formed. 

Instead  of  iiw  lai^  test  tulie,  some  operators  use  a  [J  tube  to 
contain  tlie  potassium  lixlide,  having  a  bulb  iu  each  limb,  hut  the 
latter  is  not  necessary  if  magnesite  is  used. 
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Tlic  solution  »f  |iatasaiuni  ioiiide  uittj-  eoii\'eiitL'iitly  bu  iiiwle  of 
Hiicb  a  Btrengtli  tfaat  -^jj  eq.  ur  33'2  gm.  are  contained  in  tlie  liter. 
1  c.c.  will  tlien  be  suAicient  to  ab8()rb  tlie  quantity  of  free  iinliiie, 
itjpreaeiiting  1  ]ier  cent,  of  oxyjjen  in  the  substance  analyzed, 
supposing  it  to  1)e  weighed  in  the  metric  system.  In  examining 
[leroxide  of  manganese,  for  instance,  0'436  gin.  would  lie  used,  and 
fiUi)posing  the  |)erceiitage  of  peroxide  to  be  about  sixty,  60  c.c.  of 
iodide  solution  would  be  sufficient  to  jil)soi'h  ihe  chlorine  and  keep  in 
solution  the  iodine  liberated  hy  tlie  process ;  it  is  advisable,  bowever, 
to  have  an  excess  of  iodide,  and,  therefore,  in  tbJs  case,  about  70  c,c. 
or  dm.  should  be  used.  A  solution  of  indctiuite  streiigtli  will  answer 
lis  well,  so  long  as  enough  is  used  to  absorb  all  the  iodine.  It  may 
sometimes  liappeu  that  not  enough  iodide  is  present  to  keep  all  the 
liberate!!  ioiline  in  solution,  in  whicli  case  it  will  8e-i>arate  out  in  the 
solid  form;  more  iodide,  howe^'er,  may  be  addeil  to  dissolve  the 
iodine,  and  tlie  titration  van  then  be  made  as  iisual. 

The  process  of  distillation  alwve  described  may  l>e  avoided  in 
many  cases.  There  are  a  great  number  of  substances  which,  by 
mere  digeittiou  with  byilrochloric  acid  and  [totassium  imlidc  at  an 
elevated  t<iiii>emture,  undergo  decomposition     -i  n 

([uite  as  completely  aa  by  distillation.     For  ^^^  c;,^ 

this   puTimse   a   strong    bottle   with  a    very'-      ' 
accurately  ground  stopper  is  necessary;  and 
as   the   ordinary   stoppered    bottles  of   com- 
merce arc  not  sufiiciently  tight,   it  is  better 
Ut  re-grind  the  stopper  with  a  little  reri/  Jitie 
emery  and  water.      It  nmst  then  be  tested 
by    tying    the    stoppcir    tightly    down    and 
imiuersing  in  hot  water ;  if  any  bubbles  of 
air  find  their  way  through  the  stopper  the  f 
bottle   is    useless.     The    capacity   may    vary  ''■ 
from    30    to    150     c.c,    according    to    the  Kg  -tl. 

necessities  of  the  ease. 

The  stopper  may  be  secured  by  fine  eiip]K'r  bin  ding- wire,  or  a  kind 
of  clamp  contrived  by  Jlohr  may  be  used,  as  shown  in  fig.  i\  :  by 
means  of  the  thumb-screws  the  pressure  ui>oii  tlic  stopper  uiay  be 
increase".!  to  almost  any  extent. 

The  substance  to  be  examined,  if  in  jiowder,  is  put  into  the  Iwittle 
with  pure  flint  pelibles  or  small  garnets,  ao  as  to  divide  it  better,  and 
a  sufficient  quantity  of  Miumled  solution  of  potassium  ioilide  and 
[rtiro  hydrochloric  acid  added ;  the  stopjicr  is  then  inserted,  fastened 
flown,  and  the  bottle  sus|)ended  in  a  water  Itath,  and  the  water 
is  gradually  heated  to  boiling  by  a  gas  flame  or  hot  plate  as  may 
be  most  convenient.  When  the  decomposition  is  comjdete  the  bottle 
is  removed,  allowed  to  cool  somewhat,  tiien  placed  in  cold  water,  and, 
after  Ijeiiig  shaken,  emptied  into  a  beaker,  and  tlic  liquid  diluted  by 
the  washings  for  titration 

The  salts  of  cldonc,  iodic,  broinic,  and  chnnuic  acida,  together  ivith 
many  other  compound«,  ma\  be  as  effectually  decomposed  by  iligestion 
iis  by  difltillntun      man\   of  them  even  at  imlinarv  temperatures. 
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Keceutly  precipitated  <ixi<Uv,  or  thi:  iiatuwl  oxides  when  reduei'il  to 
fine  powder,  are  reailily  dissolved  and  decomposed  liy  very  weak  acid 
in  the  presence  of  jxttassmm  iodide  (Pickering). 

Tlie  |X)tassiuni  iodide  used  in  the  various  analyses  must  lie 
absolutely  free  from  io<Iate  and  free  iodine,  or  if  otherwise,  the 
effect  of  Ehe  impurity  must  lie  known  l)y  l)lank  experiment. 

AB8ENI0US  ACID  AND   lODIKE. 

§  40.  The  principle  upon  wliieh  tliis  methoJ  of  analy.'iis  is  based 
is  the  fact,  that  when  arsenious  acid  is  brought  in  contact  witli  iodine 
in  the  presence  of  water  and  free  alkali,  it  is  converted  into  ar.^enic 
acid,  the  reactiim  l)eiii),' — 

A.S,( ),  +  41  +  iK-P  =  As^(  )j  +  4K1. 

The  alkali  must  he  in  sufficient  quantity  to  combine  with  tlie  hydriodic 
acid  set  free,  and  it  is  necessary  that  it  should  exist  in  the  state  of 
bicarbonate,  as  caustic  or  mouocarhoiiated  alkalies  interfere  with  the 
colour  of  the  bhie  iodide  of  stai'ch  used  as  indicator. 

If,  therefore,  a  solution  of  arsenious  acid  containing  starch  is 
titrated  with  a  solution  of  iodine  in  the  presence  of  an  alkaline 
bicarbonate,  the  blue  colour  does  not  (X!cur  until  all  the  arsenious 
acid  ia  oxidized  into  arsenic  acid.  In  like  manner,  a  standard  solution 
of  arsenious  acid  may  be  used  for  the  estimation  of  iodine  or  other 
bodies  which  possess  the  power  of  oxidizing  it. 

The  eliief  value,  however,  of  this  metliod  is  found  in  tlie  estimation 
of  free  elilorine  existing  in  the  so-called  chloride  of  lime,  chlorine 
water,  hypochlorites  of  lime,  soda,  etc.,  in  solution ;  generally  included 
under  the  term  of  chlorinietry. 

Preparation  of  the  ^  Solution  of  Alkaline  Arsenite. 

As303=  198  ;  4-95  gm.  ^wr  liter. 

The  iodine  solution  is  tlie  same  as  described  in  §  38. 

The  corresponding  solution  of  alkaline  ai-senite  is  prejiared  by 
dissolving  4-95  gm.  of  the  purest  sublimed  arsenious  o.xide  reduceil 
to  powder,  in  abont  250  c.c.  of  distilled  water  in  a  flask,  with  about 
20  gm.  of  pure  sodium  carlionate.* 

"file  mixture  needs  warming  and  sliaking  for  some  time  in  oiiler 
to  complete  the  solution ;  when  this  Ls  accomplished  the  mixture  ia 
<IOuted  somewhat,  cooled,  then  made  up  to  the  liter. 

In  order  to  test  this  solution,  20  c.c.  are  put  into  a  beaker  with 
a  little  stai'ch  indicator,  and  the  iodine  solution  allowed  to  flow  in 
from  a  burette,  graduated  in  ^^  c.c.  imtil  the  blue  colour  appears. 
If  exactly  20  c.c.  are  required,  the  solution  is  strictly  decinormal ;  if 
otherwise,  the  neceiisaiy  factor  must  Ije  found  for  converting  it  to  that 
strength. 

er  sdltlou  ot  thia  book,  the  unalauB  lolutiou  hu  recamineuded  to  be  miule 

Mohromate,  bi  " ■ 
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Iodized  Starch-paper.— Starc-Ii  ;<()lution  cannot  lie  used  for  tlio 
direct  estimation  of  fwe  chlorine,  etmsequently  resort  must  l>e  had  to 
an  external  indicator ;  ami  this  is  very  conveniently  found  in  atarch- 
iwlide  jnjicr,  which  is  lit'st  ]>roiiared  hy  mixing  a  [wrtioii  of  starch 
Hohition  with  a  few  <lro]ts  of  sohition  of  jwtassiuni  iodide  on  a  plate, 
nnd  soaking  strips  nf  jiure  filtering  jwpei-  therein.  Tlie  paper  so 
]>rp|iared  i:*  used  in  thu  tlanip  state,  and  is  far  more  sensitive  than 
vlicn  drinl. 
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ANALYSIS   BY   I'RECII'ITATIOX. 

§  41.  The  general  |jriucii>le  of  tliis  luethnJ  of  ileteriu Suing  the 
quantity  of  any  given  substance  is  alliideil  to  in  §  1,  and  in  all  instances 
ix  such  tliat  the  body  to  be  estimated  forms  an  insolnlile  precipitate 
with  a  titrated  reagent  The  end  of  the  reaction  is,  however,  determined 
ill  three  ways. 

1.  By  adding  the  reagent  until  no  fin'ther  precipitate  occurs,  as  in 
the  deteniiinatiou  of  cliloriue  liy  silver, 

'2.  By  adding  the  reagent  in  the  presence  of  an  indicatoi  contained 
either  in  the  liquid  itself,  or  broi^ht  externally  ni  contact  with  it,  so 
tliat  the  slightest  excess  of  the  reageut  shall  produce  a  cliaracteristic 
reaction  with  the  indicator;  as  in  the  estimation  of  silver  with  sodium 
(chloride  by  the  aid  of  potassium  chroiuate,  or  with  thiocyanate  and 
ferric  sulphate,  or  that  of  phosphoric  acid  with  uranium  by  jxitassiuiu 
ferrocyanide. 

3.  By  adding  the  reagent  to  a  clear  soUitiou,  until  a  precipitate 
occurs  as  in  the  estimation  of  cyanogen  by  silver. 

Tlie  flrat  of  these  endings  can  only  !»  applied  with  great  accuracy 
to  silver  and  chlorine  estimations.  Very  few  |)recipitates  liave  the 
peculiar  quality  of  chloride  of  silver ;  namely,  almost  perfect  insolu- 
bility, and  t!ie  tendency  to  curtlle  closely  by  sliaking,  so  as  to  leave 
the  menstruum  clear.  Some  of  the  most  insoluble  precipitates,  such 
as  barium  sulphate  and  calcium  oxalate,  are  unfortunately  excluded 
from  this  class,  because  their  finely  divided  or  [wwdery  nature  prevents 
their  ready  and  perfect  subsidence. 

In  all  these  cases,  therefore,  it  is  necessary  to  find  an  indicator, 
which  brings  them  into  class  2. 

The  tliird  class  comprises  only  two  processes ;  viz.,  the  determination 
of  cyanogen  by  silver,  and  tliat  of  cldorine  by  mercuric  nitrate. 

Since  the  estimation  of  chlorine  by  precipitation  with  silver,  and 
that  of  silver  by  thiocyanic  acid,  can  be  used  in  many  cases  for  the 
indirect  estimation  of  many  other  substances  with  great  exactness,  the 
preparation  of  the  necessary  standard  sidutioiis  wilt  now  be  described. 

SILYEB  AND   CHIiOBIlTE. 

1.    DeoiQormal  Solution  of  SilTor, 

10-794  gm.  Ag  or  16-998  gm.  AgNOg  per  liter. 

10'794  gm.  of  pure  silver  are  dissolved  in  pure  dilute  nitric  acid 
with  gentle  heat  in  a  flask,  into  the  neck  of  which  a  small  funnel  is 
dropped  to  prevent  loss  of  liquid  by  spirting.  When  solution  is 
complete,  the  funnel  must  lie  washed  inside  and  out  with  distilled 
water  into  the  flask,  and  the  liquid  diluted  to  a  liter ;  but  if  it  be 
desired  to  use  chromate  as  indicator  in  any  analysis,  the  solution  must 
1>6  neutral ;  in  which  case  the  solution  of  sflver  in  nitric  acid  is 
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(■viniorated  to  dryues-s,  and  the  residue  dissolvetl  in  a  liter ;  or,  what  is 
jircferable,  ■16'966  gm.  of  pure  silver  nitrate,  jireviously  heated  to 
120°  C.  for  ten  minutes,  ai-e  dissolved  in  a  litiT  of  diatilled  water. 

2,    Decinormal  Solution  of  Sodium  Chloride. 

5-S45  ftiii.  KaCI  per  liter. 

5'845  gin.  of  pure  soilium  chloride  are  dissolved  in  distilled  water, 
and  the  solution  niade  up  tu  a  liter. 

There  are  two  methods  by  which  the  analysis  may  he  ended  ; 

(a)  liy  adding  silver  cautiously,  and  well  shaking  aft«r  eacli 
aildition  till  no  further  precijtitate  is  proihiccd.     For  details  see  g  74. 

(M  IJy  using  a  few  droiw  of  solution  of  pure  potassium  chromate 
as  iuilieator,  deviseil  by  Jlolir.  If  the  [lure  salt  is  nut  at  liand,  some 
ilrojis  of  silver  nitrate  stilution  should  he  added  to  the  solution  of  the 
ortlinarj-  salt,  to  remove  chlorine,  and  the  dear  liqiiid  used. 

Tlie  uiethoil  I>  is  exceedingly  Merviceahle,  on  the  score  of  saving 
both  time  and  trouble.  The  solutious  must  be  neutral,  and  cold. 
^\'hrn,  therefore,  acid  is  jiresent  in  any  solution  to  be  examined,  it 
should  be  neutralized  witli  pure  sodiiim  or  caltitmi  carbonate  in  very 
slight  excess.* 

Method  of  Procedubb  :  To  the  neutral  or  faintly  alkaline  solution  two  or 
tliree  drops  of  a  cold  saturated  imlutbn  of  chromate  are  added,  and  the  ailver 
solution  daliveced  from  tlie  burette  until  the  last  drop  or  two  produce  a  faint 
blood-red  tint.'e,  an  evidence  that  all  the  chlorine  liais  combined  witli  the  silver, 
and  the  slight  excess  has  formed  a  precimtale  of  silver  chromate ;  the  reaction  is 
very  delicate  Hud  easily  dislinh-uished.  The  colour  reaction  is  even  more  easily 
seen  by  ijas-lighl  than  hy  daj-light.  Il  may  be  rendered  more  delicat*  by  adopting 
the  plan  Buggesled  by  Dupr^  {Analvtt  v.  123).  A  glass  cell,  about  1  centimeler 
in  depth,  is  filled  with  water  tinted  with  chromate  to  the  mme  colour  as  the 
solution  to  be  titrated.  The  operation  is  performed  in  a  white  porcelain  bauu. 
The  faintest  appearance  of  the  red  change  is  nt  once  detected  on  looking  through 
the  coloured  cell.  For  the  analysis  of  waters  weak  in  chlorine  this  method  is 
very  serviceable,  hut  contrary  to  what  has  been  jrenerally  accepted,  the  accurac3- 
of  the  results  are  seriously  interfered  with  by  great  dilution  or  high  temperature 
(VT.  G.  Young,  Analgtt  iviii."  125).  As  U  the  case  with  mort  volumetric 
processes,  it  is  therefore  necessary  in  order  to  secure  a  hiKh  deffree  of  accuracy  to 
titrate  under  the  same  conditions  under  which  the  slandanl  wa»  fixed. 

IHDIBECT  ESTIMATION  OF  AMMONIA,  SODA, 
POTASH,  LIME,  AND  OTHSB  AliEALIES  AND 
ALKALIME  EABTHS,  WITH  THEIB  CABB0NATE8, 
NITBATE8,  AND  CHLOBATES,  ALSO  NITEOGBN, 
BY  MEANS  OF  DECINOBMAL  SILTEB  SOLUTION 
AND  POTASSIUM  CHBOHATE,  AS  INDIGATOB. 
1  c,':,  "/lo  silver  solution  =  mJfm  II.  eq.  of  each  sulwtaiicu. 

§  42.  iloKR,  with  his  characteristic  ingenuity  has  made  use  of  the 
delicate  reaction  between  chlorine  and  silver,  with  potassium  cliromate 

*  Silver  duomito  ia  sensibly  wlulile  In  the  presence  of  slkaliu;  or  earthy  iiiti&t«g, 
espedall)'  at  a  high  tcmpantDre;  sodium  uid  cmldiuii  uitiHtea  have  the  laut^effecC^ 

Corpenterff  S.  <■',  I.  V.  288). 
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as  iiiiUcator,  fur  the  dotennin&tion  of  the  bodies  meiitioiieil  above. 
All  compounds  cupahle  of  heiiig  converted  ijito  neutral  chlorides  hy 
evaporation  to  dryness  witli  hydrochloric  acid  may  be  tletermined  with 
great  accuracy.  The  chlorine  in  a  combined  state  ia,  of  course,  the 
only  substance  actually  determined;  but  as  the  laws  of  chemical 
combination  are  exact  and  well  known,  the  measure  of  chlorine  is  also 
the  measure  of  the  base  with  which  it  ia  combined. 

In  most  cases  it  is  only  necessary  to  slightly  supersaturate  tlie  alkali, 
or  its  carbonate,  with  i)ure  hydrochloric  acid ;  evaporate  on  the  water 
bath  to  dryness,  and  heat  for  a  time  to  120°  C.  in  the  air  bath,  then 
dissolve  to  a  given  moa-siire,  and  take  a  portion  for  titration  ;  too  great 
dilution  must  be  avoided. 

Alkalies  end  Alkaline  Earths  with  organic  acids  are  ignited  to 
convert  them  into  carbonates,  then  treated  witli  hydrochloric  acid,  and 
evaporated  as  before  descrilHxl, 

Carbonic  Acid  in  combination  may  be  determined  by  precipitation 
with  barium  chloride,  as  in  g  23.  The  washed  precipitate  is  dissolved 
on  the  filter  with  hydrocldoric  acid  (covering  it  with"  a  watch-glass  to 
prevent  loss),  and  then  eva]K>rated  to  dryness  re|)eabedly  till  all  HCl  is 
driven  off.  In  order  to  titrate  with  accuracy  by  the  help  of  chromatCf 
the  baryta  must  be  precipitated  by  means  of  a  solution  of  pure  sodium 
or  ]X)tassium  sulpliate,  in  slight  excess ;  the  precipitated  barium 
suljihate  docs  not  interfere  with  the  delicacy  of  the  reaction.  If  this 
precaution  were  not  taken,  the  yellow  l>arinm  chromate  woidd  mislead. 

Free  Carbonic  Acid  is  collected  by  meansof  ammonia  and  barium 
chloride  (as  iji  §  23),  and  the  estimation  completed  as  in  the  case  of 
combined  CU^. 

Chlorates  are  converted  into  chlorides  by  ignition  Ijcfore  titration. 

ITitrates  are  evajwrated  with  concentrated  hydrocldoric  acid  and 
the  residting  chlorides  titrated,  a.s  in  tiie  previous  case. 

Ifitrogen.— The  ammonia  evolved  from  guano,  manures,  oilcakes, 
and  sundry  other  substances,  when  burned  with  soda  lime  or  obtained 
by  the  Kjeldahl  method,  is  conducted  through  dilute  hydrocldoric 
acid  ;  the  liquid  ia  carefully  evaporated  to  dryness  before  titration. 

In  all  cases  the  operator  will,  of  course,  take  care  tliat  no  chlorine 
from  extraneous  sources  other  than  the  hydrocldoric  acid  is  present ; 
or  if  it  exists  in  the  ImwUch  themselves  as  an  impurity,  its  quantity 
must  I*  first  detemiiiipd. 

Example  :  025  ura.  pure  sodium  carbonate  was  dissolved  in  water,  and 
hydrochloric  acid  added  till  in  excess ;  it  was  then  dried  on  the  water  bath  till  no 
further  vapours  of  acid  were  evolved ;  the  resulting  white  mass  was  heated  for 
a  few  miDulea  to  about  150^  C.,  dissolved  and  uiade  up  to  300  c.c.  100  cc 
required  157  c.c.  "/lo  silver,  this  multiplied  by  3  gave  47'1  c.c.  which  multiplied 
by  the  "/lo  factor  for  sodium  carbonate  =  0*0053,  jtave  024963  ^W-  in9t«id  of 
0'25  gm. 

Indirect  Estimation  of  Fotasb  and  Soda  existing  as  Kixed 
Cblorides.— It  is  a  problem  of  frequent  occurrence  to  determine  the 
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relative  qtiautities  of  |)oLu<li  am\  ioxla  ej:iiitiug  in  mixtures  of  tlie  tMO 
alkalies,  such  as  Ofciir,  for  iiiataiice,  in  urine,  luunures,  soiln,  waU'iN, 
■ftc.  The  actual  reparation  of  potash  from  tioila  1iy  means  of  jilatinuiu 
is  teilious,  and  not  ahrayt)  Batisfact«ry. 

The  foUowiuf?  metluHl  of  calculation  is  frequently  eonvenient,  since 
n  careful  estimation  of  the  cJilorine  |iresent  in  the  mixture  is  tlie  only 
labour  re<[nire(l ;  anil  this  can  most  readily  be  acconiplislied  by  "/lo 
-silver  anil  chromate,  as  pre^'ioiLsly  deacriljed. 

leiglit  of  the  mixed  pure  chlorides  is  accurately  found  nnd  noted. 

chlorides  «re  then  dissolved  in  wf'"~        '  " -..■■.-  .■<—.-] 

er  and  cliroinate  for  the  amount  c 
recoideil ;  the  calculslion  la  then  m  follows  :— 

The  weight  of  chlorine  is  multiplied  by  the  (sclor  2' 103 ;  troin  the  product 
so  obtaiued  is  deducted  the  VFei)(ht  at  the  mixed  mlts  found  in  1.  The  remainder 
mulliptied  by  3-6288  will  ^ve  the  weight  of  sodium  diloride  present  in  the 
mixture. 

The  weight  of  sodium  chloride  deducted  from  the  total  as  found  iu  I  uiti  (five 
the  weight  of  potassium  chloride. 

Sodium  chloride  k     0-&302~Soda  (N%0). 

Potassium  chloride  k  0-6317  =  Polash  (KjO). 
The  principle  of  the  cslculation,  which  is  based  on  the  atomic  constitution  of  the 
individual  chlorides,  is  explained  in  most  of  the  standard  works  ou  i^neral 
analysis.  Indirect  methods  like  this  can  only  ^ive  useful  results  when  the 
atomic  weijfhts  of  the  two  substances  differ  cousidembly,  and  when  the  proportions 
are  approxinutely  equal. 

Another  method  of  calculation  in  the  case  i»f  mi.ici:!  potassium  an<l 
Kodiuni  diloriiles  is  as  follows : — 

The  weight  of  the  mixture  is  first  ascertained  and  noted  ;  the  chlorine  is  then 
found  by  titration  wiUi  "/lo  silver.sjid  calculated  to  NaCl;  tie  weitjlit  so  obtained 
is  deducted  from  the  on gimil  weight  of  the  mixture,  and  the  remainder  multiplied 
by  a-42867  will  uive  the  potas.iium. 

SrLVSB  AITD  THIOCYAITIC  ACID. 

§  43.  Turs  excellent  and  tuoxt  accurate  inetboil  Ims  1>ecn  tlcviHed 
by  VolJiard  and  is  fnlly  described  l>y  the  author  (^Liehiifs  Ann.  //. 
Ck&H.  cxc.  IX  anil  lias  been  favourably  noticed  by  many  other  well 
known  cJiemiBtH,  It  differs  from  Molir's  chroinate  method  in  tliat 
the  silver  solutions  may  contain  free  nitric  acid,  which  roiuters  it  of 
great  service  in  indiivct  analyses. 

This  inethoil  is  based  on  the  fact  tliat  when  solutions  of  silver  and 
an  alkaline  tliiocyanato  are  mixed  in  the  presence  of  a  ferric  salt,  ho 
long  as  silver  is  in  excess,  tlie  thiocyanate  of  tliat  metal  is  precipitated, 
and  any  bro\vn  ferric  tiiiucyanate  wliich  may  form  is  at  once  decom- 
posed. When,  however,  tlie  tliiocyaiiate  is  added  in  tlie  slightest 
«xce8s,  brown  ferric  thiocyanate  is  formed,  and  asserts  its  colour  oven 
in  the  presence  of  lunch  free  acid.  The  method  may  of  course  I>e 
used  for  the  estimation  of  silver,  and  by  the  residual  process,  for  the 
fstimatii'ii  of  substances  which  are  completely  jirecipitated  by  silver,* 

— _ ,  Mid  the  eiCBM  hsa  to  be  found 

ipenBnce  uu  proveil  that  it  Ig  absolHWlJ'  necongary  to  6Usi  oO  the 
M  the  flUmte  uid  wuhjnga.  U  this  be  not  done  the  golTent  effect  of  the 
the  AjCI  will  frivo  in-iccuHitc  results.  This  fnct  eeems  to  Imve  been 
time  the  method  nos  Srst  iDtroduced, 
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It  iiiay  be  used  foi-  the  estimation  of  silver  in  the  jireseuce  of  copper 
lip  to  70  per  cent. ;  also  in  presence  of  antimony,  arsenic,  iron,  zinc, 
tiianganese,  lea<1,  cadmium,  bismuth,  aiul  also  cobalt  and  nickel,  un1es.s 
the  proportion  of  these  latter  metals  is  such  as  tfl  interfere  by  intensity 
of  colour. 

It  may  further  1«  iised  for  the  indirect  estimation  of  chlorine, 
liromine,  and  iodine,  in  presence  of  each  other,  existing  either  in 
minerals  or  inoi^nic  compoiuids,  and  for  eop^ier,  manganese,  and 
y.'mc;  these  will  be  noticed  under  their  res[Jective  heads. 

1.  Decinormal  Ammonlom  or  Fotsasium  Thlooyanate. 

Tliia  solution  cannot  he  pre})ared  by  weighing  tha  thioeyauate 
direct,  owing  to  the  deliquescent  nature  of  the  salte ;  therefore  about 
8  gni.  of  the  ammoniuni,  or  10  gin,  of  the  potassium  salt  may  Iw 
ilissolved  in  ahoiit  a  liter  of  water  as  a  l«sis  for  getting  an  exact 
solution,  which  must  l>e  finally  adjiisted  by  a  correct  decinormal 
silver  solution. 

The  standard  sohition  so  prejiared  i-eiuains  of  the  .same  strength  for 
a  very  long  iwriod  if  |)reser\ed  from  evaporation. 

2.    Deoinormsl  Silver  Solution. 

This  is  the  same  as  descriljcd  in  a  precediiig  section  (g  41),  and  may 
contain  free  nitric  acid  if  made  direct  from  metallic  silver. 

3.  Ferric  Indicator. 

Tills  may  consist  simply  of  a  saturated  solution  of  iron  alum;  in 
may  ije  made  by  oxidizing  ferrous  sulpliate  with  nitric  acid,  evaporating 
with  excess  of  sulphuric  acid  to  dissitiatc  nitrous  fumes,  and  dissolving 
the  residue  in  water  so  tliat  the  strength  is  about  10  per  cent. 

5  c.e.  of  either  of  these  solutions  are  useil  for  each  titration,  which 
must  always  take  place  at  onliuary  temperatures. 

4.  Pure  Nitric  Aoid. 

This  must  lie  free  froui  the  lower  oxides  of  nitrogen,  secured  liy 
diluting  the  usual  pure  acid  with  about  a  fourth  jiart  of  water,  and 
l>oiling  till  perfectly  colourless.  It  should  then  Ije  preserved  in  the 
dark. 

Tlie  quantity  of  nitric  acid  used  in  the  titration  may  vary  within 
wide  limits,  and  seems  to  have  no  effect  uixm  the  precision  of  the 
method 

ExAHPLK:  50  c.c.  o[,  I'/to  stiver  sotutiou  are  plikced  into  a  flask,  diluted, 
soinewlut  with  water,  and  5  c.c.  of  ferric  indicator  added,  lugellier  with  about 
10  CO,  of  nitric  acid.  K  the  iron  BoUition  ahould  cause  a  velloiv  colour,  the 
nitric  acid  will  remove  it.  The  thiocj-anate  ia  then  delivered  ni  from  a  burette ; 
at  first  a  white  precipitate  is  produced  reudering  the  fluid  of  a  milky  appearaiioe, 
and  as  each  drop  of  thiocjanste  talb  in,  it  produces  a  reddisb-browu  cloud  which 
quickly  disappears  on  shaltinK.  As  the  point  of  saturation  approaches,  the 
precipitate  becomes  flocculeiit  and  nettles  easily ;  finally,  a  drop  or  two  of 
thiocyannte  produces  a  faint  brown  colour  which  no  longer  diiiappears  on  shaking. 

I. 
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If  ths  Bolution*  are  correctly  W&Dced,  eiactlji  50  c.c.  of  thiocjruuite  skotild  be 
r««)Uired  to  produce  this  effect. 

The  colour  ia  beat  9e(>n  hy  holding  the  flnak  eo  m  to  catch  tbe  reflected  ligM 
of  s.  nhite  wsll  or  n  sus])ended  aheet  «f  white  paper. 

PreoisioD  in  Colour  Beactioiu. 
i 

(dnalffil  V.  123)  :-  .  .  ••  -        - 

titration  of  chlorides  by  meAiu  of  ail  ver  nitrate  with  neutral  chromate  as  indicator, 
it  more  distinctly  perceived  by  gsfr-li^rht  tlwn  byd»yli)rht;  and  in  the  caae  of 
potable  waters,  coutaininft  from  one  to  two  grains  of  chlorine  per  gallon,  it  is 
absolutely  DBcCBBary  to  oouoeutmte  by  evaporation  previous  to  titration,  or  ebe 
to  perform  tbe  titration  by  ^cas  or  electric  light.  The  adoption  of  the  followitjc 
simple  pbn  eoablee  the  operator  to  perceive  the  change  of  colour  as  sharply,  and 
with  as  i;reat  a  certainty,  by  dsylight  as  by  artificial  tight.  Nevertheless,  as  hw 
been  before  mentioned,  it  is  impoesible  to  get  accurate  results  with  very  weak 
solutions  of  chlorine  uutess  the  silver  solution  is  standardized  upon  similar 
solutions. 

The  water  is  placed  into  a  white  porcelain  dish  (100  c.c.  are  a  useful  quantity), 
a  moderate  amount  of  neutral  chroniale  Is  added  (sufficient  to  impart  a  mat)^ 
yellow  colour  to  the  water),  but  instead  of  looking  at  the  water  directly,  a  fbt 
glass  celt  containing  some  of  the  n.utral  cliromate  solution  isiDterp<»ed  between 
the  eye  and  the  dish.  The  effect  of  this  is  lo  ueiitraliBe  the  yellow  tint  of  the 
water;  or,  in  other  words,  if  the  concentration  of  the  solution  in  the  cell  if  even 
moderately  fairly  adjusted  to  the  depth  of  tint  imparted  to  the  water,  the 
appearance  of  the  latter,  looked  at  through  the  cell,  ia  the  same  as  if  the  dish 
were  Sited  with  pure  water.  If  now  the  standard  silver  solution  is  run  in,  still 
tooldng  through  the  cell,  the  first  funt  appeaiance  of  a  red  coloration  becomes 
strikingly  manifest ;  and  what  is  more,  "lien  once  the  correct  point  has  been 
reached  tlie  eye  is  never  left  in  doubt,  however  long  we  may  be  looliiiig  at  tiie 
water.  A  check  experiment  in  which  the  water,  with  just  a  alight  deficiency  of 
f  ilver.  or  excess  of  chloride,  ia  used  for  comparison  ia  tlieretore  unnecessary. 

A  similar  plan  will  be  found  useful  in  other  titrations.  Thus,  in  the  case  of 
turmeric,  the  cliansiB  from  yellow  to  browii  is  perceived  more  stiarply  and  with 
greater  certiainty  when  looking  through  a  flat  cell  oontainiog  tuielut«  of  tumiHic 
of  suitable  concentration  than  ivith  the  naked  eye.  The  liquid  to  be  titrated 
should,  as  in  the  former  case,  be  placed  into  a  white  pon^lsiii  dish.  Again,  in 
estimating  tlie  amount  of  carbonate  of  lime  in  a  water  by  mauis  of  decinormal 
acid  and  cochineal,  the  exact  point  of  neutrality  can  be  more  sharply  Gxed  by 
looking  througti  the  cell  filled  with  a  cochineal  solution.  In  this  case  the 
following  plan  is  found  to  answer  best.  The  water  to  be  tested— about  250  c.c— 
is  placed  into  a  flat  porcelain  eraporating  dish,  part  of  which  is  covered 
over  with  a  white  porcelain  plate.  The  water  is  now  tinted  with  cochiBeal  as 
unial,  and  the  sulphuric  add  run  in,  the  operator  looking  at  the  dish  througfa 
tlie  cell  containing  the  ueutral  cochineal  solution.  At  first  the  tint  of  tbe  water 
and  the  lint  in  which  the  porcelniu  plate  is  feen  are  widely  different ;  as,  however, 
the  carl)onate  becomes  gradually  uentratiwd,  the  two  tints  approach  each  other 
more  and  more,  and  when  neutrality  is  reached  they  appear  identical ;  assuming 
tliat  the  strength  of  tlie  cochineal  solution  in  the  celt,  and  the  amount  of  this 
solution  added  to  tlie  water,  have  been  fairly  well  matched.  Working  ia  this 
nukuner  it  is  not  difficult  (taking  i  liter  of  water)  to  come  within  0"!  c.c.  of 
decinormal  acid  in  two  successive  experiments,  and  the  difference  need  never 
eiceed  O'Z  c.c.  In  the  cell  employed  the  two  glass  plates  are  a  little  less  than 
half  an  inch  apart. 

A  somewhat  similar  plan  may  be  found  useful  in  other  titrations,  or,  In  tact 
in  mauy  operations  depending'  on  the  pen.'eplious  of  colour  change. 
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Al'l'UCATIOS   OF  THE   FOREGOING   PRINCIPLES  OF 
AXALYSI8  TO   SPECIAL  SI'BSTANCElS. 

AIiUUIHIUlE. 

AI  =  271. 

§  45.  Aluhikium  saltf)  (the  aliima  and  alumintum  sulphates  used 
in  ilyeiiig  and  paper-making)  maj'  be  titrated  for  alumina  in  the  absence 
of  iron  (except  in  mere  traces)  by  mixing  the  acid  9olutione  with 
a  tolerable  quantity  of  sodium  acetate,  then  a  known  volume  in  excess 
of  "/,o  pb<>Hphat«  solution  (20'9  gm.  of  ammonio-aodium  phosphate 
|ier  liter),  heating  to  boiling,  without  filtration  ;  the  excess  of  phosphate 
is  found  at  once  by  titration  with  standawl  uranium.  If  iron  in  any 
quantity  is  present  it  may  be  estimated  in  a  separate  portion  of  the 
Hubstance,  and  its  amount  deduct«d  before  calculating  the  alumina. 
The  latter  is  precipitated  as  AlPO^,  and  any  iron  in  like  manner  as 
FePO^.  Eacli  c.c.  of  "/lo  phosphate  =  0-00513  gni-  AljOj.  Only 
available  for  rough  purjxwes. 

Baeyer'B  Method.— As  originally  proposed,  this  process  for 
estimating  alumina  in  alums  and  aluminic  sulphates  was  carried  out 
by  two  titrations,  a  measured  portion  of  tlie  solution  being  first  treated 
with  an  excess  of  normal  soda  in  sufficient  quantity  to  dissolve  the 
precipitate  of  hydrate  of  alumina  first  formed.  It  was  then  diluted 
to  definite  volume,  half  being  titrated  with  n<)rmal  acid  and  litmus, 
other  half  with  tropceolin  00,  the  difference  being  calculated  to 
alumina. 

A  considerable  improvement  however  has  been  maile  by  using 
phenolphthaleiii  as  the  indicator,  one  titration  only  lieing  necessary. 
The  method  is  based  on  the  fact  that,  if  to  a  solution  of  alumina, 
containing  the  indicator,  normal  soda  is  added  in  excess,  or  until  the 
the  red  colonr  is  produced,  normal  acid  be  then  added  until  the  colour 
disappears,  the  volume  of  acid  so  required  is  less  than  the  soda 
originally  added  in  proportion  to  the  quantity  of  alumina  present. 

Tlie  vobime  of  acid  which  so  disappears  is  in  reality  the  quantity 
necessary  to  combine  with  the  alumina  set  free  by  the  alkali ;  and  if 
this  deficient  measure  of  acid  be  multiplied  by  the  factor  0-01716 
(J-  mol.  wt.  of  AljOg),  the  weight  of  alumina  will  be  obtained.  This 
factor  is  given  on  the  assumption  that  the  normal  sulphate  AljSSOj, 
is  formed. 

The  titration  must  take  place  in  the  cold  and  m  dilute  solutions. 
Very  fair  technical  results  have  been  obtained  by  me  with  potash  and 
ammonia  alums  and  the  commercial  sulphates  of  alumina. 

Alumina  existing  as  alumiuate  of  alkali  in  caustic  soda,  for 
iiistauce,  may  be  very  well  estimated  by  taking  advantage  of  the  fact. 
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tliat  Riicli  alniiiiiia  is  quite  iiKlitfc'ront  to  methyl  nmuge,  but  ixtu^ts  a<.:i<I 
with  plienolplitlialciii.  This  fact  has  been  recorded  hy  Thomson  ami 
iithera,  but  the  priority  of  discovery  ajijirani  to  be  due  to  Baeyi-p 
(Z.  a.  C.  xxiv.  542),  who,  however,  used  litmus  in  tl  e  j  lace  f 
phenolphthalein  and  tmpceolin  00  instead  of  methyl  era  ge 

CrosaaiidBevan  (.7.  A".   0.  I.  viii.  262)  in  tl  e  r  e\ai      at         f 
fanatic  soda  for  alumina,  found  by  exiieriiuent,  that  tl  e    nea    of  tl  e 
difference  between  the  titration  with  metliyl  orai  ge  a    I  j  1  e  oil  I 
thalein  required  the  factor  0"0205  ]>er  c.c.  of   i  onnal  ac  1  for  tl 
uhimina,  i>ointing  to  the  salt  as  2.\L0,  ;  5Sn^. 

The  estimation  of  the  alumina  m  caustic  soila  lias  fjiven  rise  to 
much  discussion  between  even  very  experiencetl  operators,  notably 
JIM.  Cross  and  Bcvan  and  Lunge,  but  the  former  chemists  have 
proved,  as  far  as  possible,  by  various  luetbmls,  the  accuracy  of  their 
views  tliat  the  above-nanial  cqimtiou  is  correct,  Tlie  metliod  adoptiil 
by  them  cvnsista  in  boUing  the  weiglied  sample  with  a  slight  exceHs  of 
Htaudard  acid,  allowing  to  cool  and  titrating  back  ivith  standard  soda 
and  phenol phtliale in.  The  acid  so  constime<l  represents  the  total 
alkali  present  To  a  similar  jwrtion  a  slight  excess  of  acid  is  added 
and  titrated  l>ack  with  soda  and  methyl  orange. 

Eetimation  of  tme  Aoid. — -Vluni  cakes  or  altuniinc  suli>bates  of 
various  kinds  often  contain  free  H^SI^^,  and  many  methotls  have  Ijceu 
proposetl  for  its  estimation.  Haeyer  titrates  a  10  i>ev  cent,  solution 
(if  the  sul>sUince  in  water  with  normal  soda,  and  tropceolin  (.)0  "v 
methyl  orange. 

R.  Williams  {U.  -V.  Ivi.  194)  adopts  the  alcohol  niethoil  by 
digesting  the  substance  for  at  least  twelve  hours  with  strong  alcohol, 
Altering  off  and  washing  with  the  same  agent,  and  titrating  the  solution 
without  dilution  or  evaporation  with  "/lo  ticid  and  phenolphtlialeiii. 

Beilstein  and  <;rosset  {Bu}/.  tie  CAcademie  Jjiip.  ties  Seienreg  tie 
St.  Petemlmir/,  xiii.  41)  have  examined  with  great  care  all  the  proposed 
methods  for  this  purix>se,  and  liaic  devised  one  which  gives  very  good 
technical  i-esults. 

MsTHOD  OF  pBOcEnrEK ;  1  to  2  gin.  of  substance  is  dissolved  in  5  c.c.  of 
waler,  5  c.c.  of  a  cold  sntuisted  iieutnl  iohition  of  ammonium  ^iilphnte  sdded, 
and  stirred  for  a  quarter  of  an  hour.  BO  c.c.  of  05  iffir-ceiit.  nlcohol  are  then 
added,  the  mixture  thrown  on  a  nmall  filter,  sad  waahed  with  50  c.c.  of  the  Hime 
alcoliol.  The  filtrate  is  evapontted  on  the  water  bath,  the  residue  dissolved  in 
water,  and  titrated  witli  */io  alkali  and  litmus.  The  whole  of  the  iieiilral 
aluminic  sulphate  is  precipitated  as  auimouia  alum,  the  alcohol  contains  all  the 
free  acid. 

A.  H.  White  (J.  Am.  C.  S.  24,  4:>7)  has  proiwscd  another  method 
of  estimating  aluminium  snlphatcs  :  the  summarj'  is  as  follows  ;— 

If  a  solution  of  an  alum  to  which  lias  been  added  neutral  potassium  sodium 
tartrate  (Rochelle  salt)  is  titrated  with  barium  hydroxide,  the  barium  lij'droxide 
used  will  correspond  to  the  sulphuric  acid  combined  with  the  alumina  plus  the 
free  acid.  The  sulphuric  scid  combined  with  sodium  or  potassium  is  not 
estimated.  If  a  duplicate  solution  of  alum  is  evaporated  to  dryness,  re-dissolved 
in  neutral  sodium  citrate,  and  titrated  with  barium  hyiiroxide,  a  Hiiialler  quantity 
of  barium  hydroxide  is  required,  and  the  diifereuce  between  the  amounts  of 
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barium  hydroxide  used  in  tlie  two  titrations  is  equiTiileDt  to  one-tliird  of  the 
Hlumina.  From  these  two  titrations  can  be  ciilciilat«d  the  alumina  and  the 
i^ulphurie  acid  combined  with  it,  whether  the  alum  be  basic  or  acid,  and  if  th« 
alum  is  acid,  the  excess  of  acid  over  that  necessar;  to  form  the  normal  sulphate. 
Commercial  aluminium  aulpliate  niay,  iu  its  solid  state,  carry  free  acid,  although 
in  the  Bolution  such  uncombined  acid  may  disappear,  combining  with  what  had 
been  banc  portions  of  the  solid  salt.  Such  tree  acid  may  be  estimated  bv  dis- 
solving the  solid  fait  directly  in  citrat«,  and  titrating  with  barium  hydroxide  at 
once.  This  method  gives  results  closely  concordant  with  Beilstein  aud 
Grosset's  method,  but  it  does  not  show  that  the  alum  contains  more  acid  than 
iii  sufficient  to  form  with  the  alumina  the  nonnal  salt. 

ANTiMomr. 

Sh  =  I20. 

1.    CoaTersion  of  AntimoniouB  Acid  in  Alkaline  Solution 

into  Antimonio  Aoid  by  Iodine  (Mohr). 

g  46.  AsTiMOMous  oxidf,  or  any  of  itd  coni]xmndB,  is  brought 
into  solution  as  tartrate  by  tartaric  acid  and  water ;  the  excess  of  acid 
neutralized  by  sodium  carlmnate  ;  then  a  cold  saturated  solution  of 
Kodiuin  bicarbonate  abided,  in  the  |>roportiou  of  10  c.c.  to  about 
01  (pu.  Sb^Og  (  to  the  clear  solution  starch  ia  added  and  ^/k,  iodine 
until  the  blue  colour  occurs.  No  delay  must  occur  in  the  titration 
when  the  bicarbonate  is  added,  otherwise  a  jwrtion  of  the  metal  is 
lirocipitalcd  as  antimonimis  hydrate,  n]>on  which  the  iodine  lias  little 
effect.* 

For  tlie  estimation  of  antiiuonic  acid  and  its  salts,  G.  von  Kiiorre 
(Zeit    Avgeir.    Vhem.,    188?,    155)    (jives   the  following  metho<l   a?' 

MErnoD  OF  Pbocedi'be  :  Tlie  solution  of  the  salt,  strongly  acidified  with 
hydrochloric  acid,  is  treated  iu  a  roomy  fla.ik  with  strong  solution  of  sodium 
sulphide,  added  gradually  in  small  portion?.  It  is  theo  vigorously  boiled  until 
all  SOj  is  expelled,  a  drop  of  vhenolphthalein  is  added,  then  caustic  polaah  until 
ml ;  this  is  in  turu  removed  by  a  Kinall  excess  of  tartaric  acid.  Sodium  bicar- 
bonate is  then  added,  and  the  titration  with  iodine  carried  out  in  the  iistml  «-ay. 

The  colour  disainiears  after  n  little  time,  therefore  the  fii'st 
niipearance  of  a  permanent  bine  is  accepted  as  the  true  measure  of 
iiHliue  required. 

1  c.c.  "/lo  iodine  =  00060  gm.  81.. 

In  the  case  of  commercial  oxides  of  antimony  1  gm.  of  material  is  dissolved 
in  10  cc.  of  stroi^  HCl  and  gaseous  H,S  passed  through  it  to  remove  As,  The 
solution  is  put  into  a  2^  c.c.  flask,  the  beaker  being  rinsed  with  strong  HCl  and 
an  equal  part  of  water.  All  H^  is  removed  by  a  current  of  air.  6  gm.  of 
tartaric  acid  are  then  added,  the  liquid  diluted  to  the  mark  with  water,  and 
a  portion  filtered  through  a  dry  filler.  25  c.c.  are  taken  and  neutralized  with 
sodium  bicarbonate,  a  pinch  of  the  latter  together  with  ntarch  is  then  added,  and 
the  mixture  titrated  with  "/m  iodine. 

Id  the  case  of  sulphides  V5  gm,  is  dissolved  in  hot,  strong  HCl,  aud  when 
perfectly  cold  treated  with  HjS,  and  the  titration  carried  out  as  before, 

•DuDBtsD  and  Boole(P'iarin.Jour.,  Nov,.  1888)  have  proved  Chit  theaccatuleeatlmatioa 
of  the  autimour  in  lartai  emetic  ma;  be  secured  b;  this  method,  nsiug  the  precnntlou 
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Estimation  of  AntiiDODy  in  presence  of  Tin  {Type  and 
Britannia  metal,  etc.). — ^The  finely  divided  alloy  is  dissolved  in 
strong  hydrochloric  acid  by  heat,  adding  frequently  amall  quaiititieci 
of  potaasiutn  clilorate.  The  liquid  ia  boiled  to  remove  free  cliiorine, 
cooled,  a  slight  excess  of  strong  solution  of  potassium  io<.lide  added, 
and  the  liberated  iodine  estimated  by  standard  thiosulphate. 

120  8b  liberate  253  I,  and  the  weight  of  I  found  multiplied  by 
0-475  =  Sb. 

Clark  {J,  S.  C.  I.  xv.  255)  has  made  experiments  as  to  the 
value  of  this  process  in  antimony  ores  and  alloys,  and  makes  the 
following  remarks  with  respect  to  them, 

Mohr's  process  leaves  nolbing  to  be  desired  in  paint  of  sharpness  aud 
accuracy;  and  the  ciiief  object  ol  1117  experiments  has  been  to  ascertain  the  best 
condition  for  the  application  of  this  method  to  the  estimation  of  anttmonj  in 
ores  and  metals.  I  liave  proved  by  experiments  that  the  presence  of  lead,  even 
in  lar[{e  quantity,  has  no  influence  tin  the  result,  but  the  process  is  flffeoted  by 
iron,  and  by  copper,  arsenic,  and  tin  in  the  tower  state  of  oxidation.  The 
following  is  a  short  summary  of  my  results  :— 

t.  In  the  case  of  pure  antimony  ores  practically  free  from  arsenic  and  iron, 
the  ore  may  be  dissolved  in  HCI,  h^ted  till  all  the  HjS  has  been  driven  off,  then 
mixed  with  tartaric  acid  or  Kocbelle  salt,  rendered  alkaline  with  bicarbonate  of 
soda,  and  titrated  with  '*/io  iodine  win tion,  as  recommended  by  Mohr,  1  ffia. 
antimony  ore  containinfr  traces  of  Fe  Rave  antimony  46'77  per  cent.  Another 
1  ^ra.  antimony  ore  containing  traces  of  Fe  gave  antimony  4680  per  cent. 

II.  When  the  ore  contuns  more  tlian  traces  of  iron,  it  is  dissolved  in  HCI, 
precipitated  with  HjS,  filtered,  n-ashed,  re-di*aoIved  in  IICl,  and  the  antimony 
titrated  in  an  alkaline  tartrate  solution  as  before. 

III.  When  the  ore  oontains  arsenic,  which  is  by  no  means  a  rare  occurrence, 
it  is  dissolved  in  strong  UCl  coutainingsufficientferric  chloride  to  decompose  the 
sulubides,  and  the  arsenic  ia  distilled  off :  the  antimony  is  thenprecipitated  with 
U.^.  filtered,  washed,  re-dissolved  in  UCl,  and  titrated  with  "/lo  iodine  in  an 
alkaline  tartrate  solution.  The  arsenic  in  the  distillate  can  also  be  titrated  with 
iodine  in  prewnce  of  excess  of  bicarbonate  of  soda. 

IV.  When  an  alloy  or  sulphide  contains  tin  as  well  as  arsenic  and  antimony, 
it  may  be  dissolved  in  HCI  and  Fe.Clj,  the  arsenic  distilled  off  as  before,  and  the 
nnlimony  precipitated  n^ith  metallic  iron  (irhtcb  should  be  as  pure  as  posnible, 
steel  filings  answer  well).  The  precipitated  antimony,  after  being  Altered  and 
n-.ish?d,  is  then  dissolved  in  HCI  with  the  assistance  of  a  little  chlorate  of  potash, 
Altered  from  any  insoluble  impurity  derived  from  the  iron  precipitated  with  HjS, 
filtered,  washed,  dissolved  in  HCI,  bailed  to  expel  U]S,  and  titrated  with  "/lo 
iodine  in  an  alkaline  tartrate  solution. 

Tbe  antimonj-  ore  referred  to  above  when  treated  in  this  way,  gave  the 
following  results ;  — 

1  gm.  gave  antimony  4662  per  cent.  Another  1  gm,  gnve  antimony  46'68 
per  cent. 

Clark  lias  also  discovered  a  modified  iodomt^tric  pvoeess  which 
may  render  it  of  use  where  the  original  would  not. 

When  antimony  is  dissolved  in  HCI  with  tbe  assistance  of  chlorate  of 
potash,  nitric  acid,  or  bromine,  the  oxidizing  agent  converts  tbe  antimony  into 
the  highest  state  of  oxidation,  on  which  account  it  is  necessary  to  reduce  it  a^in 
to  rendorit  suitable  fortbeapplication  of  Mohr's  process.  It  has  been  discovered, 
however,  that  when  antimony  is  dissolved  In  HCI  with  the  assistance  of  iodine, 
no  reducing  ^ent  is  required,  as  iodine  in  nu  acid  solution  does  not  oxldiie 
antimony  beyond  Sb,Oj,  so  that  after  boiling  off  the  excess  of  iodine,  Slohr's 
process  can  be  at  once  applied  to  the  solution. 
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This  ootioQ  of  iodine  is  of  verj  great  imporlaace,  w  it  Bimplifieti  Terj  much 
the  eslinutioD  of  Antimony  in  allojs  containing  lend  and  tin,  as  the  tin  is  oxidiied 
b;  the  iodine  to  tbe  stonnio  state,  and  the  lead  ha«  no  influence  on  the  result.  In 
applying  the  prooess,  a  weighed  quantity  of  the  alloj  is  treated  with  HCl  polong 
aa  there  is  any  aotion,  then  solid  iodine  is  added  in  small  quantities  at  a  time,  and 
heat  applied  till  everything  disBolvea.  TheexcessoF  iodine  is  removed  by  boiling, 
and  tbe  solution  cooled,  diluted,  and  mixed  with  a  little  starch.  Should  the 
addition  of  starch  produce  a  blue  colour  in  the  acid  solution  oiring  to  the  presence 
of  a  trace  of  free  iodine,  a  very  weak  solution  of  sulphitfl  of  sodium  is  added 
drop  by  drop  till  the  blue  colour  disappears.  It  ia  then  mixed  with  Rochelle  salt^ 
rendered  alkaline  with  sodium  carbonate  and  titrated  with  "/lo  iodine  in  the 
presence  of  a  considerable  excess  of  sodium  bicarbonate. 

In  this  way  good  reauits  were  obtained  with  white  metal  and  alloys 
containing  lai^e  proportions  of  lead;  but  if  copper  is  present  the 
result  is  too  low,  and  the  copper  should  be  removed  by  converting  the 
metals  into  sulphides,  and  dissolving  out  the  antimony  by  caustic  soda 
or  potash. 

S.    Oxidation  by  Fotassiiuu  Bichromate  or 
PermaDgonate  (Eessler). 

Biduomate  or  permanganate  added  to  a  solution  of  antimonioua 
chloride,  containing  not  less  than  J  of  its  volume  of  hydrochloric  acid 
(sp.  gr.  1"12),  converts  it  into  antiinonic  chloride. 

The  reaction  is  uniform  only  when  the  minimum  quantity  of  acid 
indicated  above  is  present,  but  it  ought  not  to  exceed  ^  the  volume, 
and  the  precautions  before  given  as  to  the  action  of  hydrochloric  acid 
on  permanganate  must  be  taken  into  account,  hence  it  is  preferable  to 
use  bichromate. 

Kessler  {Poggend.  Annal.  exviii.  17)  lias  carefully  experimented 
upon  this  method  and  adopts  tbe  following  processes. 

A  standard  solution  of  arsenious  acid  is  jireiwired  containing  5  gm. 
of  the  pure  acid,  dissolved  by  the  aid  of  sodium  hydrate,  neutralizeil 
with  hydrochloric  acid,  100  c.c.  concentrated  hydrochloric  acid  addcil, 
then  diluted  with  water  to  1  liter;  each  c.c.  of  this  solution  contains 
0-005  gm.  AS3O3,  and  represents  exactly  0-007253  gm.  SbjOj. 

Solutions  of  potassium  bichromate  and  ferrous  sulphate  of  known 
strength  in  relation  to  each  other,  are  prejiared  in  tbe  nsual  way ;  and 
a  freshly  prepared  sohitioii  of  potassium  ferricyanide  used  as  indicator. 

The  relation  between  the  bichromate  and  araenious  solution  is 
found  by  measuring  10  c.c.  of  the  latter  into  a  beaker,  ^0  c.e. 
hydrochloric  acid  of  sp.  gr.  1-12,  and  from  80  to  100  c.c.  of  water  (to 
insure  uniformity  of  action  the  volume  of  HCl  must  never  be  less 
than  J  or  more  than  J) ;  the  bichromate  solution  is  then  added  in 
excess,  the  mixture  allowed  to  react  for  a  few  minutes,  and  the  ferrous 
solution  added  until  the  indicator  shows  the  blue  colour.  To  find  the 
exact  point  more  closely,  \  or  1  c.c.  bichromate  solution  may  be  added 
and  again  iron,  until  the  precise  ending  is  obtained. 

Method  of  Phocedtjbe  ;  The  material,  free  from  organic  matter,  on?anic 
aeids,  or  heavy  metals,  is  dissolved  in  the  proper  proportion  of  HCl,  and  titrated 
precisely  as  just  described  for  tbe  arsenious  solution ;  the  strength  of  the 
bichromate  mlutiou  having  been  found  in  rektion  to  As,0)  the  calcuhttion  aa 
respects  Sb^O,  presents  no  difficulty.     Where  direct  titration  is  not  posuble  the 
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with  anieiiic ;  iiamely,  ptecipiUtion  irith  IlgS  anil 
le. 

In  tlio  cast!  of  iisiti^  pt^niiaiigaiiate  it  i^  eqti&liy  ticcessary  to  liavt- 
tlie  same  pro{iortioii  <if  HCl  i)rosL'nt  in  tlip  luixturo,  anil  the  tttaudarcl 
solution  must  Iw  addwl  till  the  i-nse  colow  is  pemianout,  Tlii' 
[jermangaiiate  may  Iw  safi-ly  used  with  ]■  thu  I'ohime  of  I£C1,  with  tin- 
addition  of  some  magnoiic  i>ul]ihate,  and  as  the  double  tartrate  of 
antimony  and  potassium  can  readily  be  obtaiuMl  piu«,  and  tlie  oi^nii; 
acid  exercwcs  no  disturbing  effect  in  the  titration,  it  is  a  conveiiieiit 
material  U]xni  which  to  standardize  the  solution. 

3,  Dlstillatioii  of  Antimouious  or  Antimonio  Sulphide 
with  Hydroohlorio  Acid,  and  Titration  of  the  erolred 
Sulphuretted  Hydrogen  (Schneider). 

When  pitJRT  of  tlie  sul|ibiiles  of  antiuKjny  is  heated  n-ith  hydro- 
eliloric  acid  in  liunsen's,  Fresenius",  or  Mohr's  distilling  apparatus 
(5  39),  for  every  e([.  of  antimony  present  as  siUjihide,  3  eq.  of  HjS  are 
liberated.  If,  therefoif,  the  latter  be  ei>timat«<l,  tlie  quantity  of 
antimony  is  asctTtainetl, 

Method  of  Phocebube:  The  anliinony  U>  be  detenniued  is  brought  uilo 
the  form  of  ter-  or  penta-siilpliide  (if  precipitate  from  a,  hydrochloric  iiolutioii, 
tartaric  acid  miist  be  previouKly  added  tu  prevent  the  precipitate  beln^'  con- 
taminated with  chloride),  which,  together  with  the  filler  oontaiuiiig  it,  is  put  intii 
tlie  distilling  flask  irilh  a  tolerable  quantity  of  hydrochloric  acid  not  too 
concentrated.  The  absorption  tube  contains  a  mixture  ot  caustic  soda  or  potash. 
mtli  a  definite  quantity  of  "/lo  arsenious  acid  solution  in  sufficient  excess  to 
retain  all  the  snlphuretted  hi'drogen  erolved.  The  flask  is  then  heated  to 
boiling,  and  the  operation  continued  till  all  evolution  ot  sulphuretted  liydrogeu 
luLs  ceased  ;  tlie  mixture  is  then  poured  into  a  beaker,  and  acidified  nitli 
hydrochloric  acid,  to  precipitate  all  tbe  arsenious  sulphide.  The  whole  is  then 
diluted  to.  say  300  c.c,  and  100  c.c.  taken  with  a  pipette,  neutralized  with 
sodium  carbonate,  some  bicarbonate  added,  and  titrated  for  excess  of  aisenious 
acid  witli  ^lio  iodine  and  starch.  The  separation  ot  antimony  may  Kcnerallj'  be 
insured  by  precipitation  as  sulphide.  If  arsenic  is  precipitated  at  tbe  same 
time,  it  m.iy  be  removed  by  trentnient  with  ammonium  carbonate. 


ARSENIC. 

Ak=75.     As„(l,,=19y.     As„Us=230. 
1.    Oxidation  by  Iodine  (Mohr). 

§  47.  The  princi|iie  upon  wJiicU  the  determination  of  arsenious 
iicid  by  iodine  is  ba-ied  is  explained  in  g  40. 

Exi>erience  lias  shown,  tliat  in  the  estimation  of  arsenious 
compotuuls  by  the  method  there  desi-ribed,  it  is  necessary  to  use 
sodium  bicarbonate  for  reiidcriiif;  the  solution  alkaline  as  in  the  case 
of  antimony. 

Metbdd  of  PBOCEstRE :  To  a  neutral  aqueous  solution,  add  about  30  c.c.  of 
saturated  solution  of  sodium  bicarbouate  to  evecj-  0*1  em.  or  so  of  As,0,,  and 
then  titrate  with  "/lo  iodine  and  starch.  When  the  BoKition  is  acid,  the  excess 
may  be  removed  by  neutral  sodium  carbonate,  then  tlie  necessar}'  quantity  of 
bicarbonate  addwl,  and  the  titration  completed  as  before. 
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Procedcbe  fok  Absenic  Acid  :  This  is  best  done  by  diasolvinf;  tiie  acid  in 
water  and  boiliiia  ivitb.  potassium  iodide  in  tbe  presence  of  hydrochloric  acid  in 
large  excess  tinlil  all  iodine  vapours  are  dissipated.  The  AsHO,  is  cotapletely 
reduced  to  AsHOj.  The  liquid  is  then  cooled,  sodium  carbonate  added  Id 
iieutrality,  then  some  bicarbonate,  and  the  arsenions  acid  titrated  with  iodine  in 
the  usual  way.  Younger  (J".  S.  C.  I.  ix.  158)  has  verified  this  method  and 
proved  that  tbe  reductioa  is  complete ;  he  also  states  that  when  the  boiled 
dilution  cools,  (he  liberation  of  a  slight  amount  of  iodine  occurs,  which  may  be 
prevented  by  luinjr  a  tew  c.c.  of  glycerine.  Of  course  the  arsenic  acid  must 
ii>utain  no  nitric  acid,  nitrates,  or  similar  interfering  bodies. 

1  c.c.  "/lo  iotline  =0-00495  gm.  As^Og,  or  000575  gin.  A>'.p^. 
The  Estimation  of  Axsenio  in  Alkaline  Arsenates. —It  was 
iffiginally  suggestc":!  by  ilolir  to  acconipliuh  this  by  passiiij,' 
Kuli>hii  rails  acid  gas  through  tho  solution  so  aw  to  reduce  the  aiseiiic 
tuto  arsenious  acid,  and  tlien  after  iHiiling  off  the  HOj  to  eatiinate  the 
lU'st'iiious  acid  by  iodine  as  just  destribeil,  but  tlie  (jrocess  was  not 
much  adopteii  as  it  was  found  defcctiv*?  in  many  instances,  becatmi- 
the  mere  jtassing  of  tbe  gas  through  tbe  liquid  did  not  insure  the 
complete  reduction  of  the  acid. 

Holtbof  (Z.  a.  C.  xxii.  378)  and  McKay  (C.  N.  liii.  221-2i3) 
have  experiini'iited  largely  on  this  muthotl  of  estiniatiug  arsenic,  and 
Holtbof  proved  ttmt  various  fonns  of  arsenic,  on  being  converteil 
into  arxenic  acid,  would  bear  eva]K>ratioii  to  dryness  with  HCI 
without  loss,  and  that  arsenic  sulphide  could  be  oxidized  by  strong 
nitric  acid,  or  with  HCI  and  KCK.Ij,  to  arsenic  aeid,  and  reduced  ti> 
the  lower  state  of  oxidation  by  co[iioiis  treatment  with  SOj,  the 
iiK'thod  being  to  add  300  or  400  c.c,  of  strong  solution  of  S(Jj,  digest 
on  tbe  water  Ijath  for  two  hours,  tlien  boil  down  to  one-balf,  an<l 
when  coul  odd  sodium  bicarbonate,  and  titrate  witli  iodine. 

JI(:Ksy  sboi-tens  the  method  eousiderohiy  by  jilacing  the  mixture 
ill  a  well-stoppered  bottle,  tying  doini  the  stopiwr,  and  digesting  in 
iKiiliug  water  for  one  hour.  At  the  end  of  that  time  the  l)ottle  is 
11'iiiuved  and  allowed  to  eool  simiewhat,  then  eni]itie<l  into  a  boiling 
tliisk,  diluted  with  about  tlouble  its  volume  of  water,  and  boiled  dowu 
by  belji  of  a  iJatinuni  spiral  to  oue-lialf.  The  liquid  is  cooleil, 
ililuted,  and  either  the  whole  or  an  aliquot  jmrtion  litratwl  witji 
iiKline  in  the  usual  way. 

For  quantities  of  material  representing  aliout  O'l  gm.  As,  30  c.c.  of 
siitiiratetl  solution  of  SO^  will  suffice,  and  the  reduction  may  therefoi-e 
he  mode  in  a  bottle  holding  50  or  60  c.c.  (lig.  41).  Tlie  "results  are 
witisfactory.  lu  the  ca.se  of  titrating  conuuercial  alkaline  arsenates, 
which  often  eoutaiu  small  quantities  of  arsenioiis  acid,  this  must  Ik- 
estimate*!  first,  and  the  amount  deducted  from  the  total  obtained 
after  reduction. 

A.  Williamson  (Journal  oj  tlv  '^unety  or  Dyeig  and  Colouiixfifr 
ilay,  1896)  has  devised  the  following  rend^  method  as  Iwiiig 
applicable  to  commercial  arsenates,  and  bos  made  use  of  the  reaction 
which  takes  ]>lace  between  arsenic  and  lndiio<liL  acids  in  8tr<)ng  acid 
leJiition.  Under  these  circnni'^tances  arsenic  acid  is  quantitatively 
n-diiced  with  liliemtion  of  iodmt  Tlie  leattn  n  is 
A«oO.+4HI=  \'.()  +JH()  +  4I. 
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It  was  fouud  that  the  reduction  is  only  cuiiiplete  iu  strongly  acid 
solution,  and  if  such  a  solution  be  diluted  the  reverse  reaction  takes 
place  to  a  certain  extent,  a  portion  of  the  arseniouB  becoming  oxidized 
to  arsenic  acid.  Tlie  iodine  may,  however,  be  estimated  liefore 
dilution,  by  means  of  thiosulphate,  and  in  tlie  alisence  of  otlier  Ijodiew 
capable  of  liheisting  iodine  it  may  bo  taken  as  a  measure  of  tlie 
arsenic  acid.  The  acid  solution  may  then  be  neutralized,  and  tlie 
araenite  titrated  with  iodine.  This  serves  as  a  check  on  the  thio- 
suljihat«  titration. 

The  reduction  may  l)e  effected  either  in  hydr(K;liloric  or  sulphuric 
acid  solution,  but  iu  either  case  a  considerable  excess  of  acid  must  1)e 
present,  otherwise  the  reduction  is  incomplete. 

As  commercial  Kodiuiu  arsenate  usually  contains  some  nitrate, 
experiments  were  maile  to  ascertain  whether  the  presence  of  this  salt 
interferes  with  the  accuracy  of  the  thiosuipliatc  titration.  A  pure 
solution  of  arsenate  was  proi>ared  aa  before,  and  1  gm.  of  sodium 
nitrate  mlded.  25  c,c.  of  this  solution  were  tlieu  treated  with 
])otassiuiu  iodide  and  bydrocldoric  acid,  and  the  icxline  titrated  witli 
tbiosulphate,  as  before.  The  arsenic  acid  calculated  from  the 
thiosulphate  consumed  was  100'3,  instead  of  100.  It  is  evident 
tliat  the  presence  of  nitrate  causes  little  or  no  lilteration  of  iodine  in 
the  cold,  but  if  the  arsenate  is  dit^e.sted  with  bydrocldoric  acid  and 
jwtassium  iodide  in  a  cliweil  bottle  iuimersetl  in  boiUiig  water,  tlie 
iodine  liberatcil  is  considerably  in  excess  of  tliat  corresponding  to  the 
ai-senic  acid.  In  this  case,  the  quantity  of  thiosulpliate  consumed 
is  of  no  value.  The  arsenic  can,  however,  be  accurately  entimated  by 
titrating  the  arsenit<!  after  the  iodine  has  been  decolorized. 

Instead  of  hydnM'hlorie  acid,  15  c.c.  of  a  mixture  of  sulphuric  acid 
and  water,  in  e(pial  volumes,  may  be  used.  Since  the  addition  of 
sulphuric  acid  causes  the  solution  to  become  sli^ditly  heated,  it  is 
cooled  before  titrating  the  iodine.  The  results  are  practically  the 
same  as  with  hydrochloric  acid. 

Not  less  than  ^  giii.  potassium  io^tidc  should  l>e  added,  or  comjilete 
rednction  is  not  immediately  etl'ected.  The  presence  of  small  quantities 
of  nitrate  does  not  interfere  with  the  accuracy  of  the  thiosulphate 
titration.  Complete  reduction  can  bo  brought  about  with  2  gm. 
lK>tassium  iodide  and  10  c.c.  of  sulpliuric  acid,  if  the  solution  is 
heated  for  five  minutes  on  the  steam  liath.  A  ]K>rtioii  of  the  iodine 
volatilizes,  but  no  arsenic  is  lost.  Tlie  iodine  is  exactly  decolorizeil 
with  tbiosiiljdiatc,  the  solution  neutralized  and  titrated  with  iiHline  iu 
the  ordinary  manner. 

PBOCEDCIIE  WITH  roiiMEBri*L  ARSRNitTE  OF  SoDA :  10  gm.  are  dissolved 
to  1  liter,  and  the  arsenic  acid  in  25  c.c.  estimated  by  one  of  the  methods  given 
above.  The  thiosnljiliale  titration  oolj'  records  the  arsenic  previously  cxistiog  as- 
ar^nic  acid.  Tiie  fmall  proportion  of  As~0,  which  usually  exists  in  ascertained 
by  direct  titration.  When  thin  is  calculated  to  arsenic  acid,  and  added  to  that 
foimd  by  thiosulphate,  the  results  approximate  very  closely  to  those  found  by 
titrating  the  an«nite. 

Estimation  of  Arsenio  in  preaenoe  of  Tin.— If  both  these 
elements  are  present  in  the  lower  state  of  oxidation,  the  tin  may  lio 
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oxidized  with  iodine  iw  strong  a*;id  solution,  the  araenic  being 
unaffected.  Bochelle  ealt  ia  then  added,  the  solution  neutmli/i-d, 
and  the  stsenite  titrated  with  iodine. 

Exiu PLB ;  2o  cc.  of  */io  solium  areenile  were  mixed  with  23  c.c.  ot  hydro- 
cUloric  acid,  and  3  gm.  stuinous  chloride  added.  The  tin  waa  then  exactly 
oxidized  with  staodanl  iodioe,  and  the  arseuic  titrated  in  the  alkaline  solution. 
249  CO.  ot  "/lo  iodine  were  required. 

If  they  are  present  in  the  highest  state  of  oxidation,  the  arsenic 
may  be  reduced  by  one  of  the  metliods  given  under  the  estimation  of 
araenic  acid.     The  stannic  dalt  ls  not  affected. 

It  is  thus  [josfiible  to  estimate  Oie  ar^nic  in  a  nii.itture  of  ai'senate 
and  stannate  of  soda.  In  presence  of  a  considerable  quantity  of  tin, 
liowever,  the  complete  reduction  of  the  arsenic  acid  is  not  effected 
quite  as  readily  as  when  tin  is  absent.  Tlie  following  method  lias 
given  good  results ; — 

4  or  5  gm.  of  the  mixture  are  dissolved  in  as  small  a  qiuiiitity  of  IICI  as 
poesible,  an  equal  wei^fht  of  tartaric  acid  is  dissolved  in  tlie  solution,  which  is 
than  diluted  to  230  c.c.  (It  the  tartaric  acid  is  not  added  a  precipitate  [arms  on 
dilution  which  contains  both  tin  and  ameDic)  25  c.c.  of  this  wjlutiou  are  then 
mixed  with  3  gm.  potassium  iodide  and  25  c.c.  UCl,  sp.  iir.  116,  and  the 
solution  heated  on  the  steam  bath  tor  ttro  or  three  minutes  to  ensure  the 
complete  reduction  of  the  arsenic  acid.  The  liberated  iodine  is  exactly 
decolorized  with  thiosulphate,  and  the  arsenic  estimated  by  tltrntiou  with  iodine 
in  the  neutralized  solution.  A  mixture  of  arsenic  and  staanale  in  eoiiai 
quantities  and  confining  a  knoivn  percenta^  ot  nrsenic  gave  26 '57  instead  of 
2975  per  cent,  of  arsenic  acid. 

2.    Oxidatioii  by  Fotassium  Biohromate  (Keseler). 

This  method  is  exactly  the  same  a;  is  tolly  described  in  §  46  for  antimony. 
The  arsenious  compound  is  mixed  with  "/lo  bichromate  in  eiceisB  in  presence 
of  hydrochloric  acid  and  water,  in  such  prepartiou  that  at  least  ^  ot  the  total 
volume  consists  ot  hydrochloric  acid  (sp.  gi.  1'12). 

The  excess  ot  bichromate  is  found  by  a  standard  solution  ot  pure  Iron,  or  of 
double  iron  fait,  with  potassium  ferricyanide  as  indicator;  the  quantity  of 
bichromate  reduced  is.  ot  course,  the  measure  of  the  ijuantity  of  a 
converted  into  ar^ienic  acid, 

1  c.c.  "^/lo  bichromate  =  0-00495  gm.  As/)^. 


In  cases  where  the  direct  titration  of  the  hydrochloric  acid  (solution  caimot 
be  accomplished,  the  arsenious  acid  is  precipitated  with  U^S  (with  arsenates  at 
70°  C),  the  precipitate  well  washed,  the  niter  and  the  precipitate  placed  in 
a  stoppered  flask,  together  with  a  saturated  solution  of  mercuric  chloride  in 
hydrochloric  acUl  of  112  sp.  ^.,  and  digested  at  a  Kcntle  heat  until  the 
precipitate  is  white,  then  >rater  added  in  such  proportion  that  not  less  than  J  of 
the  volume  of  liquid  consists  of  concentrated  HCI ;  ^/lo  bichromate  is  then 
added,  and  the  titration  with  standard  terroui  solution  completed  as  usual. 

9.    ladireot  £stimation  by  DistLUing  with  Chromic  and 
Hydroohlorio  Acids  (Bunsen). 

Tlie  principle  of  this  very  e.\act  methoil  depends  upon  the  fact, 
that  when  potaaaium  bichromate  is  boiied  with  concentrated  hydro- 
chloric acid,  chlorine  is  liberated  in  the  proportion  of  3  eq.  to  I  e*[. 
of  chromic  acid. 
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If,  howi'ier,  arsenious  acid  is  )>reseiit,  but  not  in  fscess,  tin- 
clilorine  uvolve^I  is  not  iik  the  pro|K>rtion  mentioned  above,  bnt  so 
iniicli  li'i«H  Bf:  iR  necrasarj'  to  convert  tlie  amenioim  into  anienii:  acid. 


As,/)^  +  4CI  +  2H„0=A  V  la  +  4HC1. 
Tlicifforc   eveiy   4    eq.   of  clilorine,   Hhort  of  tlie  quantity  yielded 
ivlien  bieliromatc  and  lijdrochloric  acid  are  diHtilled  alone  represent 
1    eq.    arsRiiions  acid,      Tlic  oj>ernticin  in  conducted  in  <iiic  of  tlic 
Hl>i>BTatiis  dew'ril>ed  in  §  39, 

4.    By  Freoipitatton  as  TTranium  Arsenate  (Bodeker). 

SlKTiioD  OF  Pbocedvbe;  The  arsenic  must  exist  iu  ihe  slate  of  aneiiio 
acid  (AsjOj),  and  the  process  is  in  all  respects  the  same  as  Tor  the  estimation  of 
pbospUoHc  acid,  devised  hy  Neubauer,  Ftnciis  and  myself  (§  73).  Tbe 
htrenKlh  of  the  umuium  solution  may  be  aEcertained  and  fixed  by  jinre  sodium  or 
potassium  arseuale,  or  by  means  of  a  neighed  quantity  of  pu'ie  arsenious  acid 
converted  into  anenic  acid  by  evaporation  nitbtitron^  nitric  acid,  and  ueutraliziD^ 
n-ith  alkali,  tlieu  dififolved  iu  acetic  acid.  Tlie  metliod  of  titration  is  precisely 
tbe  same  as  with  phosphoric  acid;  the  solution  of  luanium  should  be  titrated 
upon  a  weighed  amount  of  nrtienical  compound,  bearing  in  mind  here,  as  in  the 
ca>^e  of  PjOj,  that  the  titration  uiust  lake  place  under  precisely  similar  conditions 
n.*  to  quantity  of  liquid,  the  amount  of  sodium  acetate  and  acetic  acid  added, 
and  the  depth  of  colour  obtained  by  cont.icl  of  the  fluid  under  titration  with  the 
ferrocyanidc  solution. 

Ijoam  {('.  2i'.  Isi.  219),  who  has  had  large  csiie.riencc  iu  tJic 
exaiui nation  uf  arsenical  urea,  recoiuiuends  thix  itutthotl  as  liein^  rai>id 
nixl  accurate,  and  carries  it  out  as  foUoww  :— 

Method  of  Pbocgdche  :  I  to  1-5  kui.  of  dried  and  poivdered  ore  is  boiled  to 
drj'nesa  with  20-25  c.c.  of  strong  nitric  acid ;  when  cool  about  30  c.c.  of  30  °  ^ 
laustic  soda  mlution  is  added  and  boiled  for  a  few  minutes ;  then  diluted,  filtered 
and  made  np  to  2^0  c.c.  23  c.c.  of  the  liquid  are  acidified  wilh  a  solution 
i^nilainiiit;  10  per  cent,  of  sodium  acetate  in  50  per  cent,  acetic  acid,  and  heated 
to  near  boiling,  then  titrat-ed  with  the  standard  uranium  as  usual.  For  this  latter, 
the  same  autbority  rcconuneods  what  lie  terms  a  fourth  normal  solution  of 
urauium,  containing  IT'lgm.  uranium  acetate,  and  15  c,c.  (tiacialacelicacidmadc 
up  to  2  liters  witli  water,  1  c.c.  bein^  equal  to  l'£5  m.^n.  As.  But  if  the 
method  has  to  be  con^dered  accurate,  this  sujff^tion  can  scarcely  be  adopte^l, 
since  tbe  uranium  acetate  of  commerce  isof  indefinite  hydration ;  and  moreover. 
to  insure  exactitude,  it  is  necessary  that  the  titration  should  be  carried  out  nith 
the  same  proportions  of  saline  matters,  acetic  acid,  etc.,  as  existed  in  originally 
ftandardixing-  the  uraninm.  I  therefore  unhesitatinKly  recommend  that  the 
uraninm  should  be  standardized  with  a  known  weif^hl  of  pure  arsenic  or  arsenate 
in  tlie  presincc  of  the  same  propralions  of  sodium  hj'drate  and  acetate,  acetic 
acid,  etc.,  as  will  actually  be  used  in  tbe  analysis  of  an  ore.  The  method  may 
be  used  for  all  ores  which  can  be  attacked  by  nitric  acid.  It  is  also  avaiUble  for 
iron  pyrites  containing  tolerable  quantities  of  arsenic;  the  ferric  arsenate  being 
readily  derompoRed  by  excew  of  NaHO.  thus  allowing  the  ferric  hydrate  to  be 
(illei'wl  off  free  from  As. 

Tlie  solution  of  arwenic  acid  must  of  conrwe  lie  free  from  metals 
liable  to  give  a  colour  with  the  indicator  atul  from  phosiiliaU's. 
Alkalies,  alkaline  earths,  and  zinc  arc  of  no  consetjuencc,  but  it  is 
advisable  to  add  nearly  the  rcciuircd  volume  of  uranium  to  the  liquid 
before  heating.  The  arsenic  acid  must  he  .scjmratcd  from  all  bases 
which  would  yield  compounds  insoluble  in  weak  acetic  acid. 
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Tlie  AsHa  evolved  from  Marisli's  ai>]>aratu8  may  Iw  jHtsscd  into 
fuming  H>'b^  e\'aporatcd  to  dryness  tlie  arsenic  acid  dissolved  in 
ivater  (antimony  if  present  is  insoluble),  then  titrated  cautiously 
with  uinnium  in  presence  of  free  acetic  acid  aiul  sodium  acetate  as 
above  described. 

6.    Bj  Standard  Silver  aa  Arsenate. 

This  method  has  Ijeen  ile\'iscd  Iiy  Pierce  of  the  Coloi-ado  Smelting 
Company  aa  follows  : — ■ 

Method  of  Frocedcbe:  The  fiuely-powdered  substance  for  analysis  is 
mixed  in  a.  large  porcelain  crucible  with  icom  six  to  tCD  timea  its  weight  of 
a.  mixture  of  equ&I  parts  of  sodium  carbouite  and  potassium  nitrate.  The  mass 
is  then  healed  with  ngnulualtyincreasiug  temperature  to  fusion  (or  a  few  minutes, 
nllowed  to  cool,  and  the  soluble  portion  extracted  by  warming-  with  water  in  the 
crucible,  and  filtering  from  the  insoluble  residue.  The  arsenic  is  in  the  flltmte 
AS  alkaline  arsenate.  The  solution  ia  acidified  with  nitric  acid  and  boiled  to  exjiel 
(;0j  and  nitrous  fumes.  It  is  then  cooled  to  the  ordinary  teoipeiature,  and 
ulmost  exactly  neutcatized  as  follows  :— Place  a  small  piece  of  litmus  paj>er  iuthe 
liquid:  it  should  ehow  an  acid  reaction.  Now  gnuluallyadd  strong  ammonia  till 
Ihe  litmus  turns  blue,  avoiding  a  great  excess.*  Again  make  sliiflitly  acid  with 
a  drop  or  two  of  strong  nitric  acid ;  aud  then,  by  means  of  very  dilute  ammonia 
and  nitric  acid,  added  drop  by  drop,  bring  the  solution  to  such  a  condition  that 
(he  litmus  paper,  after  hiving  previously  been  reddened,  will,  in  the  course  of 
half  a  minute,  begin  to  Ebow  signs  of  allialinity.  The  litmus  paper  may  now  be 
removed  and  washed,  and  the  solution,  if  tolerably  clear,  is  ready  for  the  addition 
of  silver  nitrate.  If  the  neutralization  lias  caused  much  of  a  precipitate 
(alumina,  etc.),  it  is  beet  to  filter  it  oil  at  once,  to  render  the  pubseqiieitt  filtration 
and  Wdshing  ot  the  arsemte  of  silver  easier. 

A  solution  of  silver  nitrate  (neutral)  is  now  added  in  slight  excess ;  and  after 
stirring  a  momeut,  to  partially  coagulate  the  precipitated  arsenate,  which  is  of 
a  brick-red  colour,  the  liquid  is  littered,  and  the  precipitate  washed  with  cold 
water.  Tue  Altrate  is  then  tested  with  silver  and  dilute  ammonia,  to  see  that 
the  precipitation  is  complete. 

The  object  is  now  to  determine  the  amount  of  silver  in  the  precipitate,  and 
from  this  to  calculate  the  arsenic.  The  arsenate  of  silver  is  dissolved  on  the 
filter  with  dilute  nttrlcacid  (which leaves  undissolved  any  chloride  of  silver),  and 
the  filtrate  titrated,  after  the  addition  of  ferric  sulphate,  with  thiocyauate  (§43), 

From  the  fommla  3Ag,.O.A8j05,  6-18  i)arta  Ag=150  imrts  As,  or 
Ag  ;  A3  =  108  ;  25. 

A  modification  of  the  aliove  mctlioil  is  suggested  by  J.  F.  Boniictt 
(J.  Am.  C.  S.  x.\i.  -131)  in  order  to  avoid  some  sources  of  inaccuracy. 
He  found  it  very  difficidt  to  obtain  neutrality  by  either  of  the 
mentioned,  processes,  and  by  avoiding  ammonia,  phenol phtliale in  couhl 
Im!  iised  as  an  iinlicator. 

MtirHOD  OP  Pbockdube:  Oo  gw.  of  the  flnely-powdered  subslance  is  fused 
with  3  to  5  gm.  of  sodium  carbonate  and  potassium  nitrate  iu  equal  parts,  about 
onC'third  being  used  on  the  top.  On  coolnig.  Ihe  mass  is  extracted  with  boiling 
ivater  and  filtered.  The  Allnite,  which  contains  the  arsenic  as  alkaline  arsenate, 
is  strongly  acidified  withaceticacid,  then  boiled  to  expel  COi,  and,  after  cooling, 
treated  with  a  few  drops  of  pbenolphthalein  and  sufficient  caustic  soda  to  give 
.-in  alkaline  reaction.  The  purple-red  coloiation  produced  by  an  excess  of  alkali 
is  then  discharged  by  acetic  ncid,    A  slight  excess  of  neutral  silver  nitrate  is 

*  Canbj  neuUjJlics  with  an  emnlslon  of  liuo  oikle. 
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then  stroogiy  Bthred  in,  and  the  whole  left  to  fettle,  svmy  froni  direct  aimliKtat ; 
the  BuperniAnl  liquid  is  poured  olT  through  a  Qlter,  and  the  precipittle  wuM 
by  deaintation  with  cold  water,  then  thrown  on  the  filter  and  thorouehlj  wuhed. 
lie  fuuDel  is  then  filled  with  water  and  SO  e.c.  of  strong  nitric  acid,  this  liquid 
is  ran  through  the  Biter  into  the  ori^dnal  beiker,  the  residue  washed  thoronpily 
with  cold  water,  and  the  tlltnile  made  up  tu  about  100  c.c,  then  titmted  witih 
Etntidard  thiocj-anate. 

Uwiug  to  tlie  large  amount  of  arsenate  of  silvcT  funued  from  a  small 
quantity  of  arsenic  (nearly  sis  limes  by  weight),  it  is  not  at  all  neceaaarj- 
or  even  deairahle  to  work  with  large  amounts  of  aubstince.  0'5  gm.  in 
usually  sufficient  for  the  determination  of  the  amalleat  quantity  of 
artienic ;  ami  where  thu  ]iercentage  is  liigh,  as  little  as  O'l  gm.  may 
1)6  taken  with  advantage.  Tlie  ii»eth(Hl  ha.t  been  used  with  veiy 
satisfeetorj'  resnlti'  on  the  Kulphirte  of  arsenic  obtaineil  in  the  onlinary 
mnrse  of  analyMi^. 

Substances  such  aa  niolylMlie  and  pliosphcaic  acids,  wiiich  behave 
similarly  to  arsenic  under  thin  treatment,  interfere,  of  eonrse,  witli 
tlie  method.  Antimony,  by  forming  (<o<lium  antiiiioniate,  remains 
jnnctically  insoluble  iind  without  effett. 

e.    Battmation  of  Anenious  Sulphide  by  Iodine. 

A  palter  by  J.  and  U.  IS.  I'attiiison  on  the  sejiaration  and  estimation 
of  'arsenic  as  stilpliide  is  contained  in  J.  S.  C.  I.,  1898,  p.  211,  and 
in  >diich  it  is  shown  that  aei>aration  of  the  metal  from  many  others, 
viz.,  lead,  tin,  cadmium,  antimony,  and  bismuth,  is  complete  when 
made  in  concentrated  livilrochloric  acid  (sp.  gr.  ri6-l'17).  The 
siibstH^nent  estimation  is  carried  ont  by  the  authors  as  follows  :— 

Mbthod  of  Pboceuvkb:  The  precipitate tscol'ectedonasbestoB in  aGooch 
crucible  and  wwdied  with  cold  niter  until  free  from  hydrochloric  acid.  The 
n-sbesto!*  felt  with  the  adhering  precipitate  is  then  placed  <n  a  Kmall  beaher ;  the 
crucible  k  wiped  out  with  a  little  clean  itrntled  asbestos,  which  is  also  put  into 
the  benker.  10  or  15  cc.  of  concentrated  sulphuric  acid  (specific  gravity  about 
1*83),  free  from  araenic,  are  then  poured  into  the  beaker,  which  is  then  pl*i*d 
without  a  cover  on  a  hot  plate  or  on  a  nire  gau»  over  a  rniM  Biinsen  flame  in 
n  ^ood  draught  cloK*.  As  soon  as  tbe  iiciil  reaches  tlie  temjierature  at  which  it 
b^lins  to  fume,  the  arsenious  sulphide  beoomex  rapidly  decomposed ;  at  first  both 
sulphurelled  hydrogen  and  sulpliurous  acid  are  given  off  (if  a  cover  be  put  on 
the  beaker  the  mutual  decomposition  of  these  tn'o  gases  causes  a  depoution  of 
sulphur  on  the  sides  of  the  beaker).  The  solution  of  sulphiu^tled  hydrogen  is- 
over  in  a  few  seconds,  but  the  sulphur  dioxide  Iskei  longer  to  expel,  depending 
upon  the  qiuuitity  of  arseniou*  sulphide,  and  upon  the  quantity  of  free  sulphur 
that  may  have  been  mixed  with  the  precipitate.  As  soon  a»  the  doconi position 
of  the  arsenious  sulphide  begins,  the  liquid  becomes  darkened  in  colour,  and  the 
heating,  which  may  be  brought  to  and  kept  at  the  verge  of  ebullition  of  the  acii, 
is  continued  until  this  dark  colour  pas.^m  awny,  when  it  will  be  found  that  all 
the  sulphurous  acid  has  beeu  expelled.  It  is  of  tbe  utmost  importance  that  all 
sulphurous  acid  should  be  eliminated  at  this  Eitage.  This  takes  about  10  to  20 
minutes  with  precipita'es  of  iiilpbide  weighing  about  U'D2  gm.  and  neariy  free 
from  free  sulphur.  Arseuinus  acid  remains  in  solution  in  the  sulphuric  acid,  and 
the  amount  is  determined  bj-  cooling  the  acid,  diluting  with  water,  ne»riy 
neutralizing  the  acid  with  concentrated  sodium  hydrate  solution,  and  then 
completing  tJie  neutralization  and  rendering  alkaline  with  an  excess  of  aodium 
bicarbonate,  and  finally  titrating  mth  standMd  iodine  solution  and  starch.  Tbe 
iodine  solution  nntst  m  sbmdiidiMd  agsaDSt  an  apfjmiiuately  equal  quantity  of 
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fmeniou*  acid,  to  which  tbe  sune  amount  of  Bulphurio  add  has  been  added  a> 

was  used  for  the  detmrnpoBition  of  tbe  Knenioua  sulphide  predpitete.  As 
sulphurio  acid  alone  usually  requires  a  few  tenths  of  a  cubic  oentimeter  of 
ccntinonual  iodine  solution  to  he  added  to  it  hefore  the  blue  cokni  of  iodide  of 
starch  forms,  a  blank  experiment  trith  tbe  stock  of  acid  in  use  should  he  made 
once  far^l,  and  the  azuiount  of  iodine  solutim  required  bj  the  solution  of  the 
decomposed  anenious  snlpbide  precipitate,  and  from  the  amount  required  bj  the 
anenioua  acid  solution  against  which  the  iodine  solution  has  been  standardiEtsd. 
It  vras  found  tbe  best  plan  tg  avoid  breaking  up  (he  ubettoa  felt,  and  if  potaihte 
to  put  it  in  tbe  beaker  so  that  the  side  on  which  tbe  precipitate  lies  is  on  the 
bottom  of  the  beaker.  Thb  prevents  tbe  precipitate  from  becoming  detached 
from  the  felt  and  fl<£itinK  to  the  top  of  tbe  acid  or  creeping  up  the  side  of  the 

'  This  methiMl  was  used  for  six  mouths  ill  tlio  cotime  of  daily  work, 
aloiig»ido  of  determinations  made  by  weighing  tlie  nulphide  precipitate, 
or,  after  having  eeparatwl  the  arsenic  hy  Fischer's  distillation  procees, 
l)y  titrating  the  distillate  (previously  rendered  alkaline)  with  iodim' 
solution,  and  the  resiilt«  are  very  concordant. 

Exi>eriments  sh<)w  that  there  is  no  loss  of  arseiiioiis  acid  by 
volatilisation  when  arsenioua  sulphide  is  decomposed  hy  heating 
with  stmiij;  sTdpIuiric  acid  iu  the  manner  descrilwd. 

EotimatdoD  of  Arsenio  in  Iron  Ores,  Stoel,  and  Pig  Iron. 
(.1.  E.  Wtead). — ^The  best  method  of  sepaiating  arsenic  from  iron 
solutions  is  undoubte<lly  that  of  distilling  Avith  hydrochloric  acid 
and  ferrous  chloride. 

Kitead  found  after  many  trials  and  experiments,  that  if  tlie 
distillation  is  conducted  in  a  sjiecial  manner,  the  whole  of  the 
arsenic  may  Ite  obtained  in  the  distillate,  unaccomi»nied  with  any 
traces  of  ferrous  eldoride,  and  tliat  if  the  hydrochloric  acid  is  nearly 
neutralized  with  ammonia,  and  finally  completely  neutralized  with 
Bodium  bicarbonate,  tliv  arsenic  can  \>e  determined  with  iiKline  in  the 
usual  manner. 

The  standard  solutionii  re<niireil  arc  t — 

Arsenious  oxide  0'66  gm.  (0-5  gm.  mctallie  arsenic)  of  pure 
arsenions  acid  in  fine  jwwder  is  weighed  and  placeil  into  a  flask,  with 
2  gm.  of  sodium  carljoiiute  and  100  c.c.  of  boiling  distilled  water,  and 
tbe  liquid  hoiled  till  all  the  arsenious  oxide  has  diseolvetl.  Wheiv 
cool,  2  gm.  df  sodium  hicarlionate  are  added  and  diluted  to  one  liter : 
1  c.c.  =  00005  gm.  An. 

Iodine  solution.  TT  gui.  of  pure  iodine  is  dissolved  in  2  gni, 
of  potassium  ionlide  and  ivater,  the  solution  diluted  to  one  liter,  then 
standardized  by  titrating  '20  c.c.  of  the  arsenious  solution.  If  the 
iodine  has  been  pure,  20  c.c.  of  the  solution  should  be  required  to 
jnat  jirodnce  a  pennanent  blue  n-ith  starch. 

These  solutions  keej)  fairly  well  without  alteration  for  several 
months.  It  is  advisable,  however,  to  periodically  ascertain  the  value 
of  the  iodine  liy  titrating  it  with  the  arsenic  solution. 

IfSTHOD  OF  FBOCEvrBR  FOB  Stbbl  :  From  1  to  60  gm.  of  the  steet  in 
drillings  are  introduced  into  a  3CM)unce  flunk,  and  a  sulficierit  quantity  o(  equal 
parts  of  stroug  hydrochloric  acid  and  water  is  added  to  dissolve  it.  The  mouth 
of  the  flask  is  closed  with  a  mbber  cork  carryiug  a  safety  tube,  and  a  tube  to 
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■convey  ILe  gas  evolved  inlo  the  'Winkler's  npirsl  absonitioii  tubes, coiiUiniiijr 
n  strong  satursted  Boltitiaii  of  bromine  in  water. 

The  lube  ie  filled  to  one-third  of  its  leuj^h  with  the  solution,  and  about  i  c.c. 
■of  free  bromine  is  run  in  to  repUec  tbe  bromine  which  is  consumed  or  carried 
-out  with  tbe  (laagini;  ga?. 

The  contents  of  the  flask  are  now  gently  heated  to  Huch  a  degree  tliat  a  steady 
lint  not  rapid  current  of  nan  passes  through  the  bromine  solatioii. 

In  about  one  hour  the  whole  of  tbe  steel  will  be  dissolved,  and  nben  no  more 
'  4;valntioii  of  hydrogen  vt,n  be  observed,  the  liquid  in  the  flank  in  well  boiled,  m 
as  t«  completely  drive  all  the  gas  inlo  and  Ihroufih  the  bromine  solution. 

Tbe  abmntton  tube  is  now  disconnected,  and  the  bromine  solution  contniiiinif 
•  that  part  of  the  aisenio  which  has  po^ed  off  as  gas  is  rinsed  out  inlo  a  small 
100  c.c.  beaker,  and  the  excess  of  bromine  i*  gently  boiled  off,  and  the  clear 
-colourless  solution  is  poured  into  the  flask.  About  0*5  Kiu.  of  zinc  sulphide  is 
now  dropped  into  tbe  iron  solution  and  the  contents  are  violently  shaken  for 
about  three  minutes,  by  which  time  the  whole  of  the  arsenic  will  be  in  the 
insoluble  state,  partly  as  sulphide  and  partly  as  a  bUck  precipitate  of  possihly 
free  arsenic  and  arsenide  of  iron. 

It  has  been  found  that  violent  agitation  for  a  few  minulea  is  quite  as  efficacious 
in  effecting  tbe  complete  separatioci  of  arsenic  sulphide  as  by  the  method  of 
passing  a  current  of  COj  through  the  solution  lo  remove  the  excess  of  hydric 
>iilphidc,  or  by  allowing  it  to  stand  len  or  twenty  hours  lo  ^ttie  oiil. 

The  insoluble  precipitate  is  now  rapidly  filtered  through  a  smooth  filter-pH|"er, 
;ind  the  flaiik  is  rinsed  with  cold  distilled  water.  The  jirevipitate  usually  does 
not  adhere  to  the  filler,  and  in  such  cases  tbe  paper  is  spread  out  flat  ujiou 
.1  porcelain  slab,  and  the  arsenic  compounds  are  ruiwd  oti  with  a  line  jet  of  hot 
ivater  into  a  small  beaker.  Tlie  precipitate  is  now  dissolved  in  hromine  iraler, 
and  a  drop  or  two  of  HCl. 

The  bromine  solution  now  containing  nil  the  ata-nic  is  gently  boiled  to  ex|>et 
the  bromine,  and  it  is  then  {>oured  into  a  10-ounce  retort  and  is  distilled  with 
ferroa't  chloride  and  hydrochloric  acid. 

The  apparatus  used  consists  of  an  ordinary'  Liebig's  condenser,  but  the 
retort  has  its  neck  bent  lo  an  angle  of  about  15C,  and  this  is  attached  to  the 
<'ondeuser,  so  that  any  iron  mechanically  carried  over  may  run  back.  By  this 
device,  the  distillate  will  never  contain  more  than  Ibe  very  slightest  trace  of  iron. 

The  solution  containing  tbe  arsenic  having  been  run  into  the  retort,  tlie  beaker 
is  washed  out  and  the  ivashings  are  also  poured  in.  If  the  solution  is  much 
above  20  c.c,  in  bulk,  it  is  advisable  to  add  a  strong  solution  of  ferrous  chloride 
containing  about  05  gin.  of  iron  in  the  ferrous  slate,  and  for  this  puqiore 
nothing  answers  so  nelt  as  a  |>or(iou  of  the  steel  solution  reniaiuiiig  afttT 
feparating  tbe  arsenic,  which  is  first  well  Ixiiled  to  free  it  from  hydric  sul{>hide, 
and  should  conttun  about  10  per  cent,  of  soluble  iron  as  ferrous  chloride.  6  c.c. 
of  this  solution  will  contain  the  necessary  amount  of  iron  to  add  to  the  retort. 
After  adding  the  chloride,  it  is  best  to  boil  down  the  solution  lo  about  30  c.c. 
\tetoK  adding  any  IlCl,  taking  care,  of  course,  lo  collect  wliat  liquid  distils  over. 
When  tbe  necessary  concentration  has  been  effected.  20  c.c.  of  strong  IICI  are 
ran  in,  and  the  diKlillation  is  conliiuied  till  all  exccplinc  about  10  c.c.  has  paNied 
over.  A  further  quantity  of  20  c.c.  mixed  with  6  c.c.  of  valor  is  run  in,  and 
this  is  all  distilled  over.  Jlt  this  poiut,  as  a  rule,  all  the  nreenic  will  have  jia-isetl 
into  the  distillate,  but  it  is  ad\'isable  to  make  quite  certain,  aud  lo  add  a  third 
]>ortiou  of  acid  an<l  water,  and  to  distil  it  over.  If  the  distilUlion  has  not  been 
forced,  the  distilhtc  will  be  quite  colourless.  Tbe  arsenic  in  the  distillate  will 
exist  as  arseuious  chloride,  accompanied  nillfa  large  excess  of  hydrochloric  acid. 
A  drop  of  litmus  is  put  into  this  solution,  and  strong  animoiita  is  run  in  until 
alkaline,  ll  is  now  made  slightly  acid  with  a  few  drojis  of  IICI.  and  a  slight 
excess  of  solid  bicarbonate  of  soda  is  dropped  in.  The  contents  of  the  flask  are 
now  cooled  b^-  a  stream  of  water,  and,  after  adding  a  clear  solution  of  starcii,  the 
standard  ioduie  is  run  in  from  a  buretic  till  a  deep  i>ermBuent  blue  coloumtioii 
is  produced. 

If  the  steel  or  iron  contains  much  arsenic,  a  snialler  ([uanlily,  say.  1  or  2  gm.. 
may  be  dissolved  in  nitric  .icid  of  1'20  specific  gravity  and  liie  solution  evaporated 
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to  dirnera,  the  residue  being  disBolvad  in  hjdroohloric  acid,  >nd  the  solDtion 
tnngfeired  to  the  retort,  uid  distilled  directlv  with  Cerrous  chloride  tuid  h;dio- 
cUoric  acid,  care  being  taken  that  the  distillation  is  not  Forced,  so  aa  to  avuid 
any  oF  the  iron  solution  passing  over  into  the  distillate. 

Metsod  of  Pbockdubb  fob  Pis  Ibon  :  In  testing  pig  irons,  they  may  be 
dissolved  In  nitric  acid  and  evaporated  to  dryness,  or  be  treated  in  a  flask  with 
HC1  exactly  in  the  niiuiner  described  above;  but  it  is  advimble,  it  the  latter 
method  is  adopted,  after  treating  the  voluminous  mass  of  silica  and  graphite,  etc., 
with  bromine  and  hydrochloric  acid,  to  filler  off  tbe  insoluble  matter  and  distil 
the  detu*  solution. 

Method  of  Pbocbdvbe  fob  Ibon  Obes:  In  testing  ores,  it  is  only 
necesmry  to  place  the  jiowdered  ore  directly  into  the  retort,  and  distil  at  once 
with  HCt  and  ferrous  chloride,  tailing  care  to  place  a  few  small  pieoes  of  fire- 
brick also  in  the  vessel,  to  avoid  bumping. 

If  the  ore  oontains  much  manganese,  it  is  advisable  to  dissolve  it  in  a  separate 
vessel  to  liberate  and  expel  the  chlorine,  and  then  to  transfer  it  into  the  retort. 

The  time  taken  to  teet  iron  or  steel  need  not  exceed  two  hours,  and  for  iron  or 
other  ores  not  much  more  than  half  an  hour. 

It  is  quite  possible  to  accurately  determine  as  small  a  quantity  as  O'Ot^  per 
cent,  of  arTienic  by  this  method. 

When  dissolving  steels  in  dilute  HCl,  if  there  is  no  rust  on  the  sample  or 
(errio  chloride  present  in  the  acid,  and  the  presence  of  air  is  caretntly  avoided, 
as  a  rule  only  about  one-tenth  of  the  total  arsenic  present  passes  off  with  the  gas. 

A  very  uimple  and  accurate  method  of  aecertaining  a  ematl  amount 
of  arsenic  when  it  existe  in  tlie  form  of  freahJy  precipitated  sulphide 
is'suggeated  by  F.  Flatten  {J.  S.  C.  I.  xiii.  324).  It  consists  in 
simply  boiling  the  sulphide  with  pure  water  for  a  period  of  from 
1  to  3  hours,  or  until  the  liquid  is  quite  colourle^  and  all  the  Bj8 
dissipated.  The  arsenic  will  then  exist  wholly  as  As^O,,  and  may 
be  titrated  direct  with  '^/loo  iodin^i  ^nd  a  slight  amount  of  sodium 
bicarbonate  as  usual. 

Both  this  and  Stead's  method  have  been  proved  to  give  identical 
results,  when  carried  out  by  separate  skilled  operators  on  the  same 
samples  of  material. 

BAHITTK. 

Ba=  137-4. 

§  48.  In  a  great  number  of  instances  the  estimation  of  barium  is 
simply  the  converse  of  the  process  for  sulphuric  acid  (g  77),  using 
either  a  standard  solution  of  sulphuric  acid  or  a  neutral  sulphate  in 
a  known  excess,  and  finding  the  amount  by  tesidual  titration. 

When  bariiim  can  be  sei)arated  as  carbonate,  the  estimation  is  made 
as  in  §  18.2. 

Precipitation  as  Barium  Chromate.— A  decinormal  solution  of 
bichromate  for  precipitation  purposes  must  differ  from  that  used  for 
oxidation  purposes.  In  the  present  case  the  solution  is  made  by 
dissolving  7'37  gm.  of  pure  potassium  bichromate  ni  water,  and 
diluting  to  1  liter. 

Method  of  Pbocedcbs  :  The  barium  compound,  which  may  contain  alkali^ 
magnesia,  strontia,  and  lime,  is  dissolved  in  a  good  quantity  of  water,  ammonia 
free  from  carbonate  added,  heated  to  60°  or  70°  C,  and  the  standard  biohromate 
added  cautiously,  with  shaking,  so  long  an  the  yellow  precipitate  of   barium 


.,oogie 


VOLUMETRIC  ANALYSIS.  §  49. 

tfnint  yellow 

Titration  of  the  Preoipitate  with  PermaQganatd.— In  this  owe 
the  precipitate  of  barium  oliroumte  is  well  watthed,  traiuftrred  to  a  flisk,  uid 
mixM  wiUi  %n  excess  of  ferrous  RmmoDiiim  siilphsle ;  the  amount  ot  iron 
oxidised  by  the  chromic  acid  is  then  eftimat^il  by  tilratjon  wltti  permanganate ; 
the  quautitv  of  iron  ohanged  to  the  ferric  ntAte  multiplied  by  the  factor 
0-8l87-B».' 

BISMUTH. 

Bi  =  208. 

g  49.  Tub  ewtiiiitttioii  of  this  metal  or  its  ('(iuiihjuihIb  volunietrioally 
has  occiipiMl  the  attention  of  Pattiiiriiin  Muir,  tu  whom  we  are 
indvl)ted  for  si'veral  metUtxIa  of  (^iiiiii(r  thin  ciiil.  Two  of  tlie  hest 
are  given  here,  namely,  (1)  precii>itatiuti  df  the  metal  as  ImHic  oxalate, 
and  titration  with  permanganate  ;  {'2)  jirei-ijiitation  as  ]>hos|>hat«  witli 
exceas  of  NtaiuUrtl  sodiiuii  [jliosphate,  ami  titration  i>f  that  excess  by 
Htamlani  iiretiium  acetate. 

1.    Titration  as  Oxalate. 

Normal  liisnnitli  oxalate,  pnilticcd  liy  aiMinj;  cxtcss  of  oxalic  acid 
to  a, nitric  ai>Jiition  of  the  metal  wlifn  wjiarateil  ^>y  filtration,  and 
l)oiled  with  sui^cessive  (jnantitii'-s  of  watiir  for  three  or  four  times,  is 
tmnsformeil  into  basic  oxalate. 

Method  of  PBOCEpritE:  Tbesoiiition  conliiiiiiiigbismuthmiist  be  free  from 
hydrochloric  acid,  a.i  the  banic  oxalate  is  readily  soluble  in  that  ncid.  A  lar^ 
excess  of  nitric  acid  must  also  be  avoided.  Oxalic  acid  must  be  added  in  con- 
siderahle  excews.  If  llie  precipitate  be  thoroughly  shaken  up  with  the  liquid, 
and  the  ve!<)<el  be  then  set  aside,  the  precipitate  quickly  settles,  and  the  super- 
natant liquid  may  be  poured  off  through  a  filter  in  a  very  short  time.  If  the 
precipitate  be  boiled  (or  five  or  ten  minutes  with  successive  quantities  of  about 


r,  it  is  quickly  tmnsformed  into  the  basic 
|uid  ceases  to  show  an  acid  renc 


sujiemataut  liquid  ceases  to  show  an  acid  reaction,  the  transformation  is  complete. 
It  is  well  to  employ  a  solution  ot  perman((anale  so  dilute,  that  at  least  50  c.c,  are 
required  for  the  titration  (^/jo  strenj^h  aullices).  The  basic  oxalate  maybe 
disBolved  in  dilute  sulphuric  acid  in  place  ot  hydrochloric:  it  is  more  soluble, 
however,  in  the  Utter  acid.  If  the  solution  contains  bnt  little  hydrochloric  acid, 
there  is  no  dandier  of  chlorine  being  evolved  during  the  process  of  titration. 

In  applyinft  this  procesH  to  tlie  estimation  of  bismuth  in  a  solution  containing 
other  metals,  it  is  necessary,  if  the  solution  contain  substances  capable  of  acting 
upon,  or  of  being  acted  on  by  jierraanKanate,  to  sepnnite  the  bismuth  from  the 
other  metals  present.  This  is  ewily  done  by  preci|)ilating  in  a  partially 
neutralized  solution  with  much  warm  water  and  a  little  ammonium  chloride. 
The  precipitate  must  be  dissolved  in  nitric  acid,  and  the  liquid  boiled  down  once 
or  twice  with  addition  of  Hie  same  acid  in  order  to  expel  all  hydrochloric  acid, 
before  precipitating  as  oxalate.  The  liquid  should  contaiu  just  sufficient  nitric 
acid  to  prevent  precipitation  of  the  bafic  nitrate  tiefore  oxalate  acid  is  added. 
1  molecule  oxalic  acid  corresponds  to  1  atom  bismuth,  or  12*1  =  208. 

A  shorter  metluHl,  l)ased  ou  the  laini  i-iw  tion^  has  I)een  arranged 
by  Muir  and  Kobbs  (J.  V  S  I  xli  1)  In  thii  caw*,  however,  the 
double  oxalate  of  potaftiiium  and  bismuth  is  the  lompomiil  obtained, 
the  excess  of  oxalate  of  (Kitftsh  IiLing  ilottnnmeil  reMdualli  Keis 
(Betiflitf,  xiv.  1172)  has  shown  tliat  mIkii  normal  iiota;*ium  oxalate 
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is  added  to  a  Bolutitni  of  ItismutU  nearly  free  from  mineral  acid,  but 
containing  acetic  acid,  a  double  salt  of  tlie  formula  Bi^  {C^0^)„  KjCjO^ 
is  precipitated.  In  applying  thut  process  for  the  estimation  of  bismuth 
in  mixtures,  it  ie  necessary  to  separate  the  metal  as  oxychloride,  and 
that  it  should  he  obtained  in  solution  oa  nitrate  with  a  small  excess  of 
nitric  acid.  This  is  done  by  evai»orating  off  the  greater  part  of  the 
free  etcid,  allowing  just  sufEicient  to  remain  that  the  bismuth  may 
remain  in  solution  while  hot.  A  large  exce'u  of  acetic  acid  is  then 
added,  it  is  made  up  to  a  definite  measure,  and  an  aliquot  portion 
taken  for  titration. 

The  solution  of  normal  [lotassium  oxalate  standardized  by  perman- 
ganate must  not  1>e  added  in  groat  excess.  It  is  well,  therefore,  to 
deliver  it  into  the  bismuth  liquid  from  a  burette  until  the  precipitation 
is  apparently  complete,  then  add  a  few  extra  c.c,  and  allow  to  remain 
for  some  time  witli  shaking.  It  is  then  filtered  through  a  dry  filter, 
a  measured  jwrtion  takeii,  and  the  residual  oxalic  acid  found  by 
permanganate. 

For  estimating  bismuth  in  ores  the  following  methwl  lias  been 
worked  by  Warwick  and  Kyle  (C.  N.  Ixxv.  3). 

One  gra.  ot  the  fioely  powdered  ore  is  evaporated  to  dryness  with  6  or  10  c.c 
ot  strong  nitric  acid;  another  5  c.c.  of  acid  and  26  c.c.  of  water  are  added,  and 
the  whole  is  diluted  to  100  c.c.  Five  gm.  ot  ammomum  oxalat*  or  oxalic  add 
are  introduced,  boiled  for  five  minut^.  allowed  to  settle,  and  the  supernatant 
liquid  filtered  off.  The  precipitate  is  boiled  twice  with  60  o.c.  of  water,  and  the 
washings  are  passed  through  the  same  paper.  With  au  ordinary  ten  per  cent, 
ore  this  Lreatmenl  should  sufBce  to  convert  the  biamuth  oxalate  into  the  basic 
salt ;  but  if  the  Ultrete  is  still  acid,  bniliug  must  be  repeated  to  neutrality.  The 
precij)itat«  on  the  paper  is  then  dissolved  in  2  to  5  c.c.  of  1  :  1  HCl,  receiving 
the  liquid  in  the  beaker  containing  the  hulk  of  the  basic  oxalate ;  Ihia  is  warmed 
till  entirely  dissolved,  and  then  diluted  to  250  cc.  with  hot  water.  The  soluliou 
is  neutrahzed  with  ammouia,  and  the  resulting  precipitate  tsken  up  in  1  ^  4 
H^Of,  adding  a  few  cc.  in  eices?.  Finally  the  liquid  is  titrated  at  between  70' 
and  lOtf"  C.  with  permanganate.  A  permsnganRte  mtiition  in  which  1  c.c.  = 
0010  gm.  Fe  will  be  equal  to  0'0I86  pn.  bismuth  ;  by  diluting  100  c.c  of  this 
with  86  cc,  of  water  a  solution  of  permanganate  Hill  be  obtained,  of  which  1  c.c. 
should  equal  O'OIO  gm.  of  bismuth.  A  permaugauate  solution  1  c.c. -^0  010  gm. 
Fe;  round=0'01868  gm.  Bi.  100  cc  permanganate  abave-hB6  c.c.  of  water; 
1  c.c  found  — 001017  gm.  Bi.  Lead,  iron,  copper,  aiuc,  Msenic,  and  tellurium 
do  not  interfere  with  the  process.  Care  must  be  taken  to  avoid  using  too  tittle 
or  t«o  much  nitric  acid.  Hydtochloric  acid  must  not  be  used  to  diNSolve  the  ore. 
The  results  are  accurate  enough  for  all  oommereial  work,  and  an  analysis  oocupieK 
little  time.  The  figures  quoted  show  maximum  errors  of — O-O033  and  +  O'OOl  gm. 
in  determining  0-5  gm.  of  bbimuth  in  presence  of  lead,  copper,  sine,  iron,  and 

2.    Frecipitation  as  Fhoaphate. 

The  necessary  standatil  solutions  are- 
fa)     Stantlani  siHlium  pliosi)hatu  containing   35-8  gm.   per   liter. 

1  c.c.  =  0-0071  gin.  IV  >i. 

{b)     Standarti  Jiranium  acetate,  corresiwnding  volume  tor  volume 

with  the  above,  when  titrated  with  an  approximately  equal  amount 

of  sodiwn  acetate  and  free  acetic  acid. 

Success   depends   verv  much   u]xin    identitv  of   conditions,  as  is 

explained  in  ^  7.^. 
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Method  op  Pbocedubb:  The  bij>miith  to  be  cHtimated  must  be  dissolved  in 
nitric  acid ;  bases  other  than  the  alkalies  and  atkaliae  earths  must  be  absent. 
The  absence  o(  tliose  scids  which  interfere  with  the  detenoinatioti  of  phonphorio 
acid  by  the  uranium  pcocesa  (noo- volatile,  and  reducinji  organic  acids, 
sulphuretted  hydrq^eu,  faydriodic  acid,  ete.j  must  be  assured.  As  bismuth  is 
readily  iieparated  from  other  metals,  with  the  exception  of  antimony  and  tin,  by 
addition  of  much  n-arm  water  and  a  little  ammonium  chloride  to  feebly  acid 
solutions,  a  separation  of  the  bismuth  from  thone  other  metals  whirb  are  present 
should  pT«r£de  the  pro(»H«  of  estimation.  If  alkalies  or  alkaline  earths  be  alone 
present,  the  separation  may  be  dispensed  with.  The  precipitated  bismuth  »lt  is 
to  be  washed,  dissolved  in  a  little  strong  nitric  acid,  and  the  solution  boiled 
down  twioe  with  addition  of  a  little  more  nitric  acid,  in  order  to  remove  the 
whole  of  the  hydrochloric  acid  present. 

Such  a  quantity  of  a  tolerably  concentrated  sohltloD  of  sodium  acetate  is 
added  as  shall  insure  tbe  neutralization  of  the  nitric  acid,  and  therefore  the 
presence  in  the  liquid  of  free  acetic  icid.  It  a  precipitate  form,  a  further 
addition  of  acetate  must  be  made.  The  liquid  is  heated  to  boiling;  a  measured 
volume  of  the  sodium  phosphate  solution  is  run  in ;  the  boiling  i"  continued  for 
■  a  few  minutes  ;  the  liquid  is  passed  Ihroutfh  a  ribbed  filter,  the  precipitate  being 
washed  repeatedly  with  hot  water;  and  the  excess  of  photiphoric  acid  is 
determined  in  the  filtrate  by  titration  with  uranium.  If  the  filtered  liquid  be 
received  in  a  measuring  tlask,  which  is  subsequently  filled  to  the  mark  with 
water,  and  if  the  inverted  uraoium  method  be  then  employed,  the  renulls  nee 
eiceedingly  accurate.  This  method  is  especially  to  be  recommended  in  the 
estimation  of  somewhat  large  quantities  of  bismuth,  since  it  is  possible  that  in 
such  cases  a  large  amount  of  sodium  acetate  will  have  been  used,  which,  as  is 
well  known,  bos  a  considerable  disturbing  effect  on  the  reaction  of  Uie  indicator. 
If  the  bismuth  solution  contain  a  large  excess  of  nitric  acid,  it  is  better  V> 
DeutraliEe  nearly  with  sodium  carbonate  before  adding  sodium  aceUt^  and 
titratiug. 

Fuller  details  of  both  the  above  processes  are  contained  in  J.  C.  S. 
1877  (p.  674)  and  1878  (p.  70). 

3.    Estimation  by  Alkaline  ArBenite. 

Tliis  method  is  suggested  by  Reichard  (Z.  a.  C,  1899,  p.  100), 
but  wants  some  more  authority  to  recommend  it  as  useful. 

Mbthod  of  Pbocedcbb  :  A  weighed  quantity  ut  the  bismuth  compound 
is  dissolved  in  acid,  an  excess  of  alkali  is  added,  and  the  liquid  is  treated  with 
chlorine  water  or  ^ ;  or  the  oxidation  may  be  effected  by  the  direct  addition  of 
the  bismuth  solution  to  a  mixture  of  sodium  hypochlorite  and  caustic  soda. 
Tbe  liquid  is  boiled  until  the  original  orange  colour  of  the  pn^ipitate  is  changed 
t«  a  dark  red.  Tbe  excess  of  soda  and  chlorine  is  then  removed  by  repeated 
washing  with  water  bv  decantation.  The  precipitate  is  boiled  with  a  solution  of 
arsenious  acid  in  caustic  soda  containing  O'Ol  gm.  of  Ab,0,  per  1  c  c,  until  it  is 
completely  converted  into  the  white  hydrate  Bii(OH)(.  Wlien  the  reduction 
is  complete,  the  liquid  is  strongly  acidified  with  sulphuric  acid  and  filtered  hot, 
then  the  residual  anenious  acid  in  the  filtmte  is  titrated  with  permanganate.  If 
a  weaker  standard  solution  of  arsenic  is  used  the  reduction  is  very  slow.  In  any 
case  it  is  adrisable  to  use  only  a  small  quantity  of  bismuth. 

BBOMINE. 

Br  =80. 

§  50.     This  element,  or  it.s  uuoxidized  compounds,  can  be  estimated 

precisely  in  the  same  way  as  chlorine  by  "/jo  silver  solution  (§  42), 

or  alkalinietrically  as  in  §  32,  or  by  thiocyanate  (§  43),  but  these 
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methods  are  seldom  of  any  avail,  since  the  absence  of  chlorine  or  its 
combinations  is  a  necessary  condition  of  accuracy. 

Bromine  in  aqueotia  solution,  or  as  gaa,  may  be  estimated  by 
absorption  with  solution  of  potassium  iodide,  in  many  cases  by  mere 
digestion,  and  in  other  cases  by  distillation,  in  any  of  the  forms  of 
apparatus  given  in  g  39,  and  tJie  operation  is  carried  out  precisely  as 
for  chlorine  (g  54).     1  eq.  I  =  1  eq.  Br.  or  I  found  x  0-63  =  Br. 

A  process  for  the  estimation  of  bromine  in  presence  of  chlorine  is 
still  much  wanted  in  the  case  of  examining  kelp  liquors,  etc.  Heine 
{Journ.  /.  pract.  Ckmn.  xxxvi.  184)  uses  a  colour  method  in  which 
the  bromine  is  liberated  by  free  chlorine,  absorbed  by  ether,  and 
the  colour  compared  with  an  ethereal  solution  of  bromine  of  known 
strength.  Fehling  states  that  with  care  the  process  gives  fairly 
accurate  results.  It  is  of  course  necessary  to  have  an  approximate 
knowledge  of  the  amoimt  of  bromine  jiresent  in  any  given  solution. 

Reimann  {Annal.  d.  Chem.  u.  Pharm.  cxv.  140)  adopts  the 
following  method,  which  gives  tolerably  accurate  results,  but  requires 
skill  and  practice. 

The  neutral  bromine  solution  is  placed  in  a  stoppered  vessel, 
together  with  a  globule  of  chloroform  about  the  size  of  a  hazel  nut. 
Chlorine  water  of  known  strength  is  then  added  cautiously  from 
a  burette,  protected  from  bright  light,  in  such  a  way  as  to  insure  first 
the  liberation  of  the  bromine,  which  colours  the  chloroform  orange 
yellow ;  then  more  chlorine  water,  until  the  yellowish  white  colour  of 
chloride  of  bromine  occurs  (KBr  +  2C1  =  KCl  +  BrCI). 

The  ojiemtion  may  he  assisted  by  making  a  weak  solution  of 
potassium  chromate,  of  the  same  colour  as  a  solution  of  cldoride  of 
bromine  in  chloroform,  to  serve  as  a  standard  of  comparison. 

The  strength  of  the  chlorine  water  is  ascertained  by  potassium 
iodide  and  "/jg  thiosulphate.     3  eq.  Cl  =  l  eq.  Br. 

In  examining  mother-liquors  containing  organic  matter,  they  must 
be  evaporated  to  dryness  in  presence  of  free  alkali,  ignited,  extracted 
with  water;  then  neutralized  with  hydrochloric  acid  before  titrating 
as  above. 

Cavazzi  (Oazz,  Chim.  Ital.  xiii.  174)  gives  a  method  which 
answers  well  for  estimating  bromine  in  small  quantity,  when  niixed 
with  large  proportions  of  alkaline  chlorides.  It  is  based  on  the  fact 
that,  when  such  a  mixture  is  heated  to  100°  C.  with  barium  peroxide 
and  sulphuric  acid,  the  whole  of  the  bromine  is  liberated  with  a  mere 
trace  of  chlorine;  the  bromine  so  evolved  is  absorbed  in  any  convenient 
apparatus,  such  as  fig.  39.  The  distillation  is  made  in  a  350  c.c. 
flask  with  double-bored  stopper;  one  bore  contains  an  open  tube 
reaching  to  the  bottom  of  the  flask,  the  other  carries  the  delivery  tube 
which  is  connected  with  the  (J  tubes.  The  first  IJ  tube  is  empty  ; 
the  second  contains  20  c.c.  of  a  standard  solution  of  arseiiious  acid  in 
hydrochloric  acid,  containing  0-005  gm.  AsjO,  in  each  c.c,  and  is 
connected  with  an  aspirator  or  water  pump.  The  apparatus  is  arranged 
so  that  the  flask  and  empty  U  'ibe  are  imineraeii  in  boiling  water, 
the  vapours  of  H^O^  arc  thus  decowiiosed,  and  the  stream  regidated 
by  the  aspirator. 
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The  requisites  used  by  the  autlior  are — ■ 

Barium  peroxiile,  containing  63  °/  BaO^. 

Dilute  sulplmric  acid  1  :  2. 

Arsenious  acid  dissolved  in  dilute  hydrothloric  fttid,  5  giit.  of  pure 
ASj(  >3  \>eT  liter. 

Standaril  permanganate,  3'65  gm.  per  liter. 

It  waa  found  that  the  relative  strengtlis  of  the  areeuic  and  perman- 
ganate solutiotin,  when  titrated  to^^etlier,  dihitcd,  and  Ixiiling,  were, 
18-2  C.C.  of  the  latter  to  20  c.c.  of  the  former.  Therefore  1  e.c.  of 
[)ermanganate  by  calculation  =  0'00888  gm.  Br. 

The  author  found  that  treating  2  )jm.  of  KCl  in  the  ap]iaratuR, 
witlioxit  bromine,  always  gave  a  faint  trace  of  Ul,  m  that  only  18  c.c, 
of  pennanganate  were  required  for  the  20  c.c.  of  arsenic,  instead  of 
18-2  e.c;  and  this  he  regards  as  a  constant  for  that  quantity  of  material. 
The  examples  of  analysis  with  from  0-05  to  02  gm.  KHr,'aud  all  with 
the  correction  of  0'2  c.c,  are  satiafactorv. 

Norman  McCulloch  (C.  A'.  Ix.  259)  has  dewrrilKd  a  method, 
devised  by  himself,  for  the  rapid  and  accurate  e^timatiou  of  bromine, 
in  presence  of  iodine  or  chlorine,  in  any  of  the  onlinary  comniercial 
forms  or  chemical  combinations,  free  from  o:!iiIi9:ing  and  I'educii^ 
a)tents  and  metals  forming  bromides,  insoluble  in  hydrochloric  aciiL 
The  author's  explanation  of  the  principles  u])on  which  the  iuctho<l  ia 
bamil  is  complicated  and  volumiuous,  to  which  the  reader  is  referred. 
I  liave  not  been  able  to  verify  the  methoil,  but  as  the  author  is  known 
to  liave  practical  exjerience,  as  well  as  theoretical  knowledge,  a  short 
summary  is  given  here. 

The  rpijuisites  deacritied  liy  the  author  are — 

Ktamhird  permanganate,  ^'19  gm.  |)er  liter. 

Ktanilanl  ]>otassiuiii  iotlide,  8'278  ])er  liter. 

The  solutions  should  agree  volume  for  volume,  but  it  is  preferable 
to  verify  theiu  by  dissolving  2-3  gm.  of  ioiHue  in  caustic  soda,  in 
a  150  c.c.  steip[)ered  bottle,  adding  HCl  in  giMjd  excess,  cooling, 
then  adding  the  jwrmaiiganate  from  a  burette,  until  nearly  colourless. 
A  little  cliloroform  as  indicator  ia  tlien  added,  and  the  permanganate 
cautiously  run  in,  with  shaking  until  the  violet  colour  of  the  iodine  is 
discharged,  owing  to  production  of  ICl,  due  to  tlie  wmction  of  CI 
lilieratecl  by  the  [termanganate  from  HCl. 

The  iodine  equivalent  of  the  pernninganate  is  calculateil  to  bromine 
by  the  coefficient  x  0'6713  and  each  c.c.  permanganate  should  represent- 
alwut  0-004  gm.  of  Hr. 

The  other  reagents  are  purified  chloi'uform,  made  by  adding  some 
permanganate,  then  HCl  till  colour  is  discharged,  then  a  little  KI  and 
the  I  so  liVrated  again  disclmrged  with  i)erniangauate,  finally  the 
chloroform  ia  washed  free  fi-om  all  acid. 

A  three  ])er  cent,  sohitiun  of  hyilrocyanic  acid,  uiaile  by  deconii>osing 
a  solution  of  piire  [wtassiiim  cyanide,  with  excess  of  HCl,  and  adding 
]«riuanganate  till  a  faint  pink  coloiir  remains.  40  gm.  of  KCls'  in 
400  cc  of  water  with  70  c.c.  of  HCl  will  <;ivc  such  a  solution. 
Owing  to  its  poisononfl  nature  great  caution  must  l>e  used  in  making 
this  solution,  and  to  avoid  as  much  as  ]K>ssible  the  evolution  of  prussic 
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aciil  the  teniperatiu'e  must  be  kept  down  by  ice,  or  a  frc^^ziiig  mixture 
of  nitre  and  sal  ammotiioc.  If  the  cyanide  contains,  as  is  often  the 
case,  some  alkaline  carbonate,  tliis  should  bo  removed  previously 
by  £aCI,  as  othenvise  COj  will  I>e  liberated  and  a  loss  of  HCN 
occur,  finally  the  cool  nolution  is  rendered  faintly  pink  with  some 
[>emianganate. 

Solution  of  iiiauftaiioua  chloride  is  made  by  dissolving  500  gm,  of 
JInCli  +  4ILn  ill  250  c.c.  of  warm  water.  Tliia  solution  is  used  to 
prevent  the  li)>eratii>n  of  free  chlorine  front  the  HCl  in  the  analysis. 

Method  of  Procbdiibb:  T\ie  Tvei)(h«d  bromide,  containing  from  006  to 
015  gm.  or  Br  k  disKolved  in  16  c.c.  of  wnter  in  k  ISO  c.c.  iitoppered  bottle,  and 
about  30  c.c,  of  the  DiangBneBe  solution  added ;  permatiganate  ia  then  run  in 
excen  of  the  required  quantity,  and  the  bottle  cooled  rapidly  to  10^  C.  by  ice  or 
a  freezing  mixture.  When  cooled,  the  bottle  iit  ehaken  by  a  rotary  motion, 
and  about  16  c.c.  of  moderately  strong  HCI  slonly  added,  vrith  motion  of  the 
bottle  to  disBoWe  the  mant^nio  hydroxide.' 2-4  c.c.  of  hydrocyanic  solution  are 
then  delivered  in,  the  botile  closed  and  returned  te  the  cooling  mixture  for  about 
half  an  hour.  The  liquid  is  (hen  titrated  with  the  standard  potassium  iodide, 
until  nearly  decolorized  Trom  the  decomposition  of  the  niHuganic  chloride,  and 
then  slightly  coloured  from  liberation  of  free  I.  I^Ktly,  the  slight  excess  of 
iodide  is  eotimated  by  adding  a  little  chloroform,  and  the  titration  finished  with 
permanKnnirte.  The  bromine  is  calculated  by  taking  the  difference  between  the 
amounts  of  bromine,  represented  by  total  permanii^anate  and  iodide  used.  If 
iodine  ip  pret<ent  it  iii  of  course  recorded  ai<  bromine,  and  it«  amount,  if  reijuired, 
must  be  ascertained  by  nonie  other  method  capable  of  itf  estimation  in  the 
presence  of  bromine. 

Tlie  author  gives  several  very  goal  results  with  pure  sodium 
bromide. 

CADUITJU. 
Cd=  111-6. 

1^  51.  Turn  metal  may  l>e  estimati^d,  as  is  the  cose  with  many 
otliers,  by  precipitation  as  sulphide,  and  deconijiosiiig  the  anlphide 
witli  a  ferric  salt,  thp  iron  Iwing  reduced  to  the  ferrous  state  in 
proportirm  to  the  amount  of  sulphide  present. 

Follenius  has  foimd  that  when  cadmium  is  precipitat^id  as  sidphide 
in  acid  liiiuids,  the  precipitate  is  ajit  to  be  contaminated  with  salts 
other  than  sidphide  to  a  small  extent.  Tlie  separation  as  sulphide 
is  best  made  by  iMssing  H.S  into  the  hot  liquid  which  contains  the 
cadmium,  and  which  should  Iw  acidified  with  10  per  cenL  of  con- 
centrateil  sulphuric  aciil  by  volume.  From  hydrochloric  acid  solutions 
the  metal  is  only  completely  separated  by  H^S  when  the  hot  solution 
contains  not  more  than  5  percent,  of  acid  of  sp.  gr.  1-11,  or  14  per 
cent,  if  the  liquid  is  cold. 

Ferric  chloride  is  t«  bo  preferreil  for  the  decomixisition  of  the 
cadmium  enlphide,  and  the  titration  is  carried  out  precisely  as  in  the 
case  of  zinc  (g  84.4). 

P.  von  Berg  (Z.  a.  0.  xxvi.  23)  gives  a  good  teclmical  process  for 
the  estimation  of  either  cadmium  or  zine  as  sulphides,  by  means  of 
iotline,  as  follows  ;— 
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HffTHOD  OF  Prockdttre  :  The  wuhed  sulphide  of  linc  or  cadmium  in 
allowed  to  dnuD  upon  the  filter,  and  then  tnuiBferml,  together  with  the  filter,  to 
&  stoppered  flask  oontainin^  800  c.c.  of  water  deprived  of  air  by  boiling  and  the 
paseage  of  orbonio  acid  gas.  The  whole  is  well  shaken  to  break  up  the  pre- 
cipit«t«  and  brinB-  it  into  the  most  finely  divided  oondition  possible,  so  that  the 
siUpfaide  may  not  be  protected  From  the  action  of  the  iodine  by  separated  sulphur. 
A  moderate  qumntity  of  hydrochloric  acid  is  added,  there  being  no  necessity  to 
entirely  diaeolve  the  Hulphide,  and  then  ui  excess  oC  iodine  solution  of  known 
strength.  The  residual  free  iodine  is  then  titrated  with  ihioeulphate  without 
Ion  of  time.  The  whole  opention,  from  the  transference  of  the  sulphide  to  the 
flask  to  the  final  titration,  occupies  about  five  minutee,  and  gives  results  varyinfc 
between  98'8  and  100*2  per  cent.  The  reaction  proceeds  according  to  tJw 
equation,  ZnS  +  2HC1  +  2l =ZnCl,  k  2H I  -i-  S. 

Cadmium  may  also  be  estimated,  when  existing  as  Bitlpbate  or 
nitrate,  by  precipitation  as  oxalate,  and  titration  of  the  washed 
precipitate  by  permanganate.  The  details  are  carried  out  precisely 
as  in  the  case  of  estimating  zinc -as  oxalate  (§  84.6V 


Ca  =  40. 

1  c.c.  "/lo  permanganate         =  0-0028  giu.  Cat! 

=  0-0050  gm.  CaCOa 
„  „  =00086  gm.  Ca.SO^  +  2HjO 

„  normal  oxalic  acid  =  0"0280  gm.  CaO 

Cryst.  oxalic  acid  x  0444        =  CaCI 

Double  iron  salt  k  007143     =CaO 

S  52.  Thb  estimation  of  calciimi  alkalimeti-ically  lias  already  been 
given  (g  18),  but  that  method  is  of  limited  applicatign,  unless  calcium 
.  oxalate,  in  which  form  Ca  is  generally  separated  from  other  bases,  be 
converted  into  carbonate  or  oxide  by  ignition,  and  thus  detemdned 
with  normal  nitric  acid  and  alkali.  This  and  the  following  method  by 
Hempel  are  as  exact  in  their  results  as  the  determination  by  weight ; 
and  where  a  series  of  estimations  liave  to  be  mode,  the  method  is  verj- 
convenient. 

Titration  with  Permanganate.— The  readiness  witli  which 
calcium  can  be  separated  as  omlate  facilitates  the  use  of  this  method, 
so  tliat  it  can  be  applied  successfully  in  a  great  variety  of  instances. 
It  is  not  necessary  hero  to  enter  into  detail  as  to  the  method  of 
precipitation  ;  except  to  say,  that  it  may  occur  in  cither  animontacal 
or  weak  acetic  acid  solution  ;  and  tliat  it  is  al)solutely  necessary  to 
remove  all  excess  of  ammonium  oxalate  from  tiie  precipitate  by 
washing  with  warm  water  previous  to  titration. 

Mbthod  of  Pbocedubb  ;  When  the  clean  precipitate  is  obtained,  a  hole  is 
made  in  the  filter,  and  the  hulk  of  the  precipitate  is  washed  through  the  funnel 
iute  a  Aask ;  the  filter  is  then  treated  vrith  small  quantities  of  hot  dilute 
sulphuric  acid,  and  again  washed  into  the  flask.  Uydrochloric  acid  in  moderate 
quantity  may  be  safely  uned  for  the  solution  of  the  oxalate,  since  there  is 
not  the  danger  of  liberating  free  chlorine  which  exists  in  the  case  of  iron 
(Fleischer,  Tilrirmetkode,  p.  76),  but  the  sulphuric  is  better. 
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TThea  the  precipitate  is  completclj  dissolved,  the  solutiou  is  Freel;  diluted 
with  witer,  »nd  farther  scidifiei  with  sulphuric  acid,  warmed  to  80°  or  70°,  and 
the  stAudard  permanganate  cautiously  delivered  into  the  liquid  with  constant 
agitation  until  a  Faint  permanent  pink  tinge  occurs,  preoiselj  as  in  the  case  o[ 
standardizing  permangsoate  with  oxalic  acid  (§  94.2c). 

Pbocedurb  for  Limb  in  Bliht  Fubnacb  Slaqs  ;  Place  about  1  gm.  of  tbe 
veirf  flnelj-ground  slag  iuto  a  beaker,  cover  with  water,  and  boil  gentlj,  then  odd 
gradually  strong  HCl  until  the  whole  is  dissolved,  including  SiO,.  I)ilute  the 
Squid,  nearly  neutnliie  with  ammonia,  and  add  a  solution  of  ammonium  acetate. 
Toe  silica  aud  alumina  form  a  flocoulent  precipitate  which  is  easily  washed  od 
a  Alter,  The  filtrate  and  washings  ara  concentrated  somewhat,  and  the  CaO 
precipitated  with  ammonium  oxalate  and  free  ammnnia;  the  precipitate  is 
dissolved  as  before  described  in  hot  dilute  sulphuric  acid,  and  titrated  witb 
permangaoate.  If  much  manganese  is  present,  the  calcium  oxalate  mull  be 
re-dissolved  and  re-precipitited  before  the  titration  ie  made. 

In  all  casea  where  a  clean  oxalate  precipitate  can  lie  obtained,  such 
as  mineral  waters,  manurea,  etc.,  very  exact  results  are  obtainable ; 
in  fact,  quite  as  accurate  ae  bj'  the  gravimetric  method.  Ample 
testimony  oti  this  point  is  given  by  Fresenius,  Mohr,  Hempel, 
and  others. 

Tucker  {Iran,  Nov.  16,  1878)  has  given  the  results  of  many 
experiments  made  by  him  upon  mixtures  of  Ca  with  abnonnal 
proportions  of  iron,  magnesia,  alumina,  etc. ;  and  even  here  the 
numbers  obtained  did  not  vary  more  than  2  to  3  per  cent,  from  the 
truth.  In  the  case  of  lai^e  proportions  of  these  substances  it  viU  be 
preferable  to  re-precipitate  the  oxalate,  so  as  to  free  it  from  adhering 
contaminations  previous  to  titration. 

ladireot  Titration.  -  In  the  case  of  calcium  salts  soluble  in  water 
and  of  tolerably  pure  nature,  the  estimation  by  permanganate  can  be 
made  by  adding  to  the  solution  a  measured  excess  of  nonual  oxalic 
acid,  neutralizing  with  ammonia  in  slight  excess,  and  heating  to 
boiling,  so  as  to  rapidly  seitarate  the  precipitate.  The  mixture  is  then 
cooled,  diluted  t«  a  measured  volume,  filterett  through  a  dry  filter,  ami 
an  aliquot  portion  titrated  with  permanganate  after  acidifying  with 
sulphuric  acid  as  usual.  A  great  variety  of  calcium  salts  may  be 
converted  into  oxalates  by  a  short  or  long  treatment  with  oxalic  acid 
or  ammoniuni  oxalate,  including  calcium  sulpliate,  phosphate,  tartrate, 
citrate,  etc. 

CEBIUU. 
Ce=:140. 

§  53.  iJTULBA  {Z.  a.  V.  xix.  191)  states  tliat  the  moist  cerium 
oxalate  may  be  titrated  precisely  as  in  the  case  of  calcium  oxalate  with 
permanganate,  and  with  accurate  results.  Xo  examples  or  details, 
however,  are  given.  It  is  probable  that  it  is  only  correct  in  the  case 
of  the  pure  substance. 

This  method  has,  however,  been  examined  by  I'.  E.  Browuitigand 
A.  Lynch  {Amer.  Joum.  Science,  viii.  No.  48),  who  prepared  the 
oxalate  from  pure  cerium  cliloride  by  ammonium  oxalate.  Definite 
volumes  of  the  cerium  solution,  the  e.xact  strength  of  which  was 
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known,  wen;  used  inr  iirecipitatioii  at  a  warm  temperature,  varying 
friiiu  O'l  til  0'2  ;{iw.  of  CeClj,  some  trials  were  made  on  neutral 
volumes  anil  some  sli^[htly  acid  with  HCl  (in  wliich  case  about  1  gm. 
of  nian^noiis  aulpliate  was  used).  The  precii)itate,  after  being 
carefully  washed,  was  dissolved  in  about  10  c.c.  of  dilute  hot  HjSOj. 
ami  then  maile  up  to  about  500  c.c.  with  hot  water  at  about  80°  C. 
wheu  the  titration  with  permauganate  was  immediately  maiie,  Tlie 
results  ohtaineil  were,  both  in  the  neutral  and  acid  tiojutions,  very  near 
tlie  amounts  of  cerium  taken.  Huneen's  method,  originated  many 
years  ago,  showed  that  the  oxide  of  cerium  obtained  by  ignition  of 
the  oxalate  might  be  estimated  volumetrically  liy  dissolving  it  in 
strong  HCl  with  a  few  crystals  of  KI  in  a  small  sealed  flask,  which 
was  heated  on  a  water-batli  till  tlie  oxide  was  dissoived  and  the  free 
iodine  li1>erated.  The  iodine  was  tlieii  titrated  with  thlosulpkate  in 
the  usual  way  and  the  amount  of  cerium  calculated  therefrom. 

A  modification  i>f  this  method  was  ailopted  with  satisfactory  results 
hy  Browning,  Hanford,  and  Hall,  as  follows:— 

Method  of  Pbocbdubb:  Weiji-bed  portions  of  the  pure  i^erium  dioxide, 
About  O'l  to  (TIB  gm.,  were  placed  in  small  glass-stoppered  bottles  of  about 
100  c.c.  capacity,  together  witli  1  gn>.  of  potawium  iodide  free  from  iodate  and 
a  few  drops  of  water  t«  dissolve  the  iodide.  A  curreni  of  COj  was  j)aHied  into 
the  bottle  for  about  five  minutes  to  expel  the  air,  10  c.c.  of  pure  strong  HCl 
were  lulded,  the  ftopper  inwrted.  and  ine  bottle  heated  gently  upon  a  steam 
ndiatorfor  sbotit  one  hour  until  the  dioxide  dissolved  completely  and  the  iodine 
was  cet  free.  After  cooling  the  bottle,  to  prevent  loss  of  iodine  upon  removing 
the  stopper,  the  contents  were  carefully  washed  into  about  400  c,c,  of  water,  and 
titrated  with  ^/lo  sodium  thiosulphste  to  determine  the  amouut  of  iodine 
liberated  according  to  the  reaction — 

2CeOs+  SHCl  +  ZKI  =  2CeCl3  +  2KCI  +  -iHjO  +  I,. 

A  few  blank  determinations  were  carried  through  in  the  bottles  witliout  the 
cerliini  dioxide  to  determine  the  amount  of  iodine  set  free  under  thew  conditions. 
Tlie  amount  obtained  was  uniformly  equal  to  0*04  c.c.  of  the  ^/lo  thiosulphate 
solution,  which  wis  taken  as  the  correction  and  applied  to  all  the  determinations. 

EatimatloQ  in  the  Proaence  of  other  Bare  Eartha.    O.  von 

Koorre  (Z,  a.  C,  1897,  685'6«B).  This  is  based  on  the  fact  that  the  yellow 
eerie  salts  are  reduced  by  hydrogen  peroxide  in  the  presence  of  free  aeid  to 
colotirleas  eerous  salts,  as  in  the  equation : 

2Ce(S04),  t  HiO,=  Ce,(S0.)3+  HoSOj  +  Oj. 
TliP  cold  solution  of  the  eerie  ."alt  is  mixed  with  an  excess  of  a  dilute  solution  of 
hydrogen  jieroxide,  of  which  the  strength  is  known,  and  when  all  colour  has 
disappeared  the  exceat  of  peroxide  is  titrated  back  with  permanganate. 

If  the  permanganate  be  standardised  on  iron,  the  amount  of  cerium  present 
may  be  expressed  in  terms  of  iron,  56  parts  of  the  latter  being  equiraient  to  140 
parts  of  cerium.  It  is  advisable  to  use  a  dilute  solution  of  perinanganale  (not 
more  than  2  gm.  of  EMnO,  per  liter). 

XotwitlistfttidiiiK  Eose's  statement  that  permanganate  is  slowly  decolorized 
by  a  solution  of  eenms  sulphate,  the  author  flnds  that  the  end-reaction  can  be 
readily  recognised.  With  a  freshly  prepared  acidified  solution  of  a  eerie  salt  the 
reduction  takes  place  instantaneously,  but  if  the  solution  has  been  exposed  to 
the  air  for  some  time,  as  long  as  fifteen  minutes  luay  be  necesary  tor  complete 
deooloriwtion.  The  results  obtained,  however,  in  both  cases  are  identical.  By 
boiling  an  old  solution  after  the  addition  of  sulphuric  acid,  and  cooling  before 
adding  the  hydrogen  peroxide,  the  rate  of  reduction  is  accelerated,  and  the 
reaction  takes  place  almost  as  rapidly  as  in  a  freshly  prepared  solution. 
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Either  sulphuriu  or  nilriu  scid  may  be  used,  but  it  is  eeseiitial  that  the 
auidiflcatioD  shall  take  place  before  the  addiljon  of  the  hydrogen  peroxide,  unoe 
otherwise  bj-reactions  occur  and  tha  results  are  too  high. 

A  method  of  (iibba  {Z.  n.  C,  1864,  |).  396)  is  iiiotlifieil  by  Job 
{Compt.  lien-l,  1899,  p.  101)  aa  follows  :— 

A  knonn  volume  of  the  cerium  solution  is  treated  iu  the  cold  with  peroxide 
of  lead,  and  a  larife  excexB  of  concentrated  nitric  acid,  iu  order  to  oxidize  any 
ceroiu^  mlta  present,  then  the  mixture  is  agitated,  filtered,  and  the  filtrate  titrated 
with  dilute  hydrogen  peroxide.  The  determination  of  cerium  by  this  method 
may  be  mrried  out  equally  well  in  presence  of  thorium,  lanthanum,  and 
didyinium.  and  should  thus  bi.>  of  great  use  in  directly  determining  cerium  in 
the  crude  oxalates  from  monazite  sand. 

CHI<OBZNE. 

a=.^5-i5. 

1  c.c.  »'/,o  wilver  a<)liition  =  0-003545  gm.  CI. 

^  0-00584:5  Rin.  XaCl. 

§  54.  Tub  powerful  ajftuity  Rxiating  between  clOorine  ami  silver  in 
solution,  ami  the  ready  preeipitBtioii  of  tliu  resuJting  cliloride,  .seem  to 
have  led  t<>  tliH  earliest  important  volumetric  process  in  existence,  viz., 
the  assay  of  silver  by  the  wet  methwi  of  (iay  Lusaac.  The  details 
of  tlie  procetis  are  more  particularly  descrilied  under  the  article  relating 
to  the  awjay  of  silver  (§  74) ;  the  detenu i nation  of  chlorine  is  jiiat  the 
eitnverse  of  the  ])rocoas  there  deacribed,  anii  the  same  precautions,  and 
to  a  certain  extent  the  same  api>aratus,  are  re<pured. 

The  solutions  required,  however,  are  systematic,  an<l  for  exactneiis 
and  convenient  dilution  are  of  decinonual  strengtli  as  described  in  §  41. 
In  many  caaeM  it  is  advisable  to  possess  also  ceutinornial  solutions, 
raaile  by  diluting  100  c.c.  of  "/,(,  solution  to  1  litei'. 

1.  Direct  Preoipitation  with  ^  Silver, 
Very  weak  solutions  of  chlorides,  such  as  drinking  waters,  are  not  eaiiily 
examined  for  chlorine  by  direct  precipitation,  unless  they  are  cousideiablr 
concentrated  by  evaporation  previous  to  treatment,  owing  to  the  feet  that,  unless 
a  tolerable  quantity  of  chlonde  can  be  formed,  it  will  not  collect  together  and 
separate  so  as  to  leave  the  liquid  clear  enough  to  tell  on  the  addition  of  fresh 
silver  wlielher  a  distinct  formation  of  cfabride  occurs.  The  best  effectii  are 
produced  when  the  mixture  contains  chlorine  equal  to  from  11  to  2  j^m-  of  salt 
per  ItX)  c.c.  Should  the  proportion  be  much  less  than  this,  the  dlFBculty  of 
precipitation  may  be  overcome  by  adding  a  ([uantity  of  freshly  precipitated 
chloride,  made  by  mixing  equal  volumes  of  ''/go  salt  and  silver  solution,  shaking 
vigorously,  pouring  off  the  clear  liquid,  and  adding  the  chloride  to  the  mixture 
under  titration.  The  best  vexsel  to  use  for  the  trial  is  a  well-stoppered  round 
while  bottle,  holding  100  Xa  160  c.c.  and  fitting  into  a  paper  case,  so  as  to  prevent 
access  of  strong  light  during  the  titration,  Supposing,  for  instance,  a  neutnti 
solution  of  potassium  chloride  requires  titration.  20  or  30  c.c.  are  measiu-ed  into 
the  shaking  bottle,  a  few  drops  of  strong  nitric  acid  added  (free  acid  must 
always  be  present  in  direct  precipitation),  and  a  round  number  of  c.c.  of  silver 
solution  added  from  the  burette.  The  bottle  Is  phu^  in  its  case,  or  may  be 
enveloped  in  a  dark  cloth  and  vigorously  shaken  for  half  a  minute,  then  un- 
covered, and  gently  lapped  upon  a  table  or  book,  so  as  to  start  the  chloride 
downward   from  the  surface  of   iJie  liquid   where  it  often  swims.      A  quick 


.oo^^ie 


172  TOLUMffTRIC  ANALYSIS.  §  54. 

olariiication  indicates  eioesa  of  silTsr.  The  nesrer  the  point  of  eiaal  oouater- 
baltmce  the  more  difficult  to  ohtain  a  clear  solution  by  shaking,  but  a  little 
practice  soon  accustoms  the  eje  to  distinguish  the  fainl«st  precipitate. 

In  caee  of  overstepping  the  balance  in  any  trial,  it  Js  only  necessary 
to  add  to  the  liquid  under  titration  a  definite  volume  of  '*/io  Bait 
solution,  and  finish  the  titration  in  the  same  liquid,  deducting,  of 
course,  the  same  number  of  c.c.  of  silver  as  has  been  added  of  salt 
solution. 

FuUer  details  and  precautions  are  given  in  §  74. 

2.  Preoipit&tiou  by  ^  Silver  in  N'eutral  Solution  with 

Chromate  Indioator  (see  §  41,  Sb). 

3.  Titration  with  ~  Silver  and  Thiooyanate  (aee  S  43). 

This  method  gives  very  accurate  results  if,  after  the  chlorine  is 
precipitated  with  exeesH  of  "/^q  silver,  the  silver  chloride  is  filtered 
off,  washed  well,  and  the  filtrate  and  washings  titrated  with  "/m 
thiooyanate  for  the  excess  of  silver. 

Method  of  Fbocrdchb:  Tlie  m]Lterial  to  be  titrated,  Buch  as  water  residues, 
beer  aah.  or  other  subataiices  in  which  the  cblorine  is  to  be  estimated  bein); 
brouR-ht  into  rlear  solution,  a  known  volume  of  "/lo  silver  in  eioass  is  added, 
having  previously  acidiHed  the  mixture  with  nitrio  acid ;  the  mixture  is  well 
stirred,  and  the  supernatant  liquid  S11«red  off  through  a  small  filler,  the 
chloride  veil  washed,  and  to  the  filtrate  and  washinR^,  5  c.c,  oF  ferric  indicator 
(§  43.3)  and  the  same  volume  of  nitric  ncid  (§  43.1)  are  added.  The  flask  ii 
then  brought  under  the  thiocyanal«  burette,  and  the  wlution  delivered  in  with 
a  constant  gentle  movement  of  the  liquid  until  a,  permanent  light-brown  colour 
appears.  If  the  silver  chloride  is  not  removed  from  the  liquid  previous  to 
titration  a  serious  error  may  occur,  owin|{  to  the  ready  solubility  of  the  chloride 
in  the  thiooyanate  solution. 

4.    By  Distillation  and  l^tration  with  Thloflulphate 
or  Arflenite. 

In  cases  where  chlorine  is  evolved  direct  in  the  gaseous  fonii  or 
as  the  representative  of  some  other  body  (see  §  39),  a  very  useful 
absorption  a]>]>aratus  is  shown  in  fig.  39.  The  little  flask  a  is  used  as 
a  distilling  ve:<sel,  connected  with  the  bulb  tubes  by  an  india-rubber 
joint;*  the  stop|>ers  for  the  tubes  are  also  of  the  same  material,  the 
whole  of  which  sliould  be  cleansed  from  suljihur  by  boiling  in  weak 
alkali.  A  fragment  of  solid  niagne^eite  may  with  advantage  be  addml 
to  the  acid  liquid  in  the  distilling  flaRk  ;  in  all  other  rcsi>ect8  the 
process  is  conducted  exactly  as  is  described  in  §  39. 

This  apparatus  is  equally  well  adapt«d  to  the  absorption  of  ammonia 
or  other  gases,  and  possesses  the  great  recommendation  that  there  is 
scarcely  a  [wssibility  of  regurgitation. 

Mohr'fi  apparatus  (fig.  40)  is  also  sen'iceable  for  this  method. 

*  India-rubber  and  espedaU;  TuJoBai^ed  robber  Is  open  to  someobjeotiun  In  these  analjHB 
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OHI<OBINE   OAS   AND    BLEAOHINO   OOHFOTTITDS. 

1  e.c.  ^/lo  areenious  or  thioaulphate  solution  =  0-003545  gm.  CI. 

1  liter  of  chlorine  at  0°  C,  and  760  m.ni.,  weighs  3-167  gm. 

§  55.  Chlorine  water  may  be  titrated  with  thiosulphate  by 
adding  a  measured  quantity  of  it  to  a  solution  of  potassium  iodide,  then 
deliveriug  the  thioaulphate  from  a  burette  till  tlie  colour  of  the  free 
iodine  has  disappeared ;  or  by  using  an  excess  of  the  reducing  agent, 
then  starch,  and  titrating  residually  with  "/m  iodine.  When  arsenious 
solution  is  used  for  titration,  the  chlorine  water  is  delivered  into 
a  solution  of  sodium  carbonate,  excess  of  arsenious  solution  added,  then 
starch  and  "/,(,  iodine  till  the  colour  appears,  or  iodized  starch-pajwr 
may  be  used. 

Bleaohing  Powder.— The  chief  substance  of  importance  among 
the  compounds  of  hypochlorous  acid  is  the  ao-called  chloride  of  lime. 
The  estimation  of  thn  free  chlorine  contained  in  it  presents  no  difficulty 
when  arsenious  solution  is  used  for  titration. 

Commercial  bleaching  powder  consists  of  a  mixture,  in  variable 
proportions  of  calcium  hypochlorite  (the  true  bleaching  ^ent),  calcium 
chloride,  and  hydrate ;  and  in  some  cases  the  pre[)aration  contains 
considerable  quantities  of  chlorate,  due  to  imperfect  manufacture  or 
age.  It  is  generally  valued  and  sold  in  this  country  by  its  percentage 
of  clilorine.  In  France  it  is  sold  by  degrees  calculated  from  the  volume 
of  gaseous  chlorine:  100°  French  =  31-78  per  cent.  English. 

-1.    Titration  by  ArseoiouB  Solution  fPenot). 
The  first  thing  to  l)e  done  in  determining  the  value  of  a  sample  of 
bleaching  powder  is  to  bring  it  into  solution,  which  is  best  managed 
as  follows : — 

The  sample  is  well  and  quickl;  mixed,  and  7-17  gm.  weighed,  put  iDto 
■  mortar,  a  little  water  added,  and  the  mixture  rubbed  to  a  smootn  cream ;  more 
ifaCer  is  tfa^n  stirred  in  irith  Ibe  pestle,  allowed  to  settle  a  little  while,  then 
poured  off  into  a  liter  flask ;  tbe  sediment  a^in  rubbed  nith  water,  poured  off, 
and  fo  on  repeatedly,  until  the  whole  of  the  chloride  has  been  coaTeyed  into  tbe 
flask  without  loss,  aud  the  mortar  waohed  quite  clean.  Tbe  fla<k  is  then  filled  to 
the  mark  with  water,  well  shaken,  and  50  o.c,  of  the  milky  liquid  taken  out  with 
a  pipette,  emptied  into  a  beaker,  and  the  "^/lo  arsenious  i<olution  delivered  in 
from  a  burette  until  a  drop  of  the  Diiiture  taken  out  with  a  g)asB  rod,  and 
brought  in  contact  with  the  prepared  frtaroh-inper  (§  40)  gives  no  blue  stain. 

The  Btarch-paper  may  be  dispensed  with  by  addini;  arsenious  solution  in  excess, 
then  starch,  and  titrating  residually  with  ^fio  iodine  till  the  blue  colour  appears. 
The  number  of  c.c  of  arsenic  used  shows  direct  percentage  of  available  chlorine. 

2.    Bunsen's  Method. 

10  or  20  n.c.  of  the  chloride  of  lime  nolution,  prepared  as  above,  are  measured 
into  a  beaker,  and  an  excess  of  solution  of  potiuwiuni  iodide  added ;  the  miiture 
is  then  diluted  somewhat,  acidified  with  acetic  acid,  and  the  liberated  iodine 
titrated  with  -^/jo  thiosulphate  and  starch;  1  eq.  iodine  so  found  represents 
1  eq  chlorine. 

The  ])re8ence  of  chlorate  does  not  affect  the  result  when  acetic  acid 
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is  used.  If  it  be  desired  to  estimate  the  amount  of  cldorate  iu  bleach, 
tlie  following  method  has  been  devised  by  K.  Freeeniun.  It  depends 
on  the  fact  tliat  hyixjcLIorites  are  detoiuimsed  by  lead  acetate  with 
formation  of  lead  (leroxide,  whilst  the  chlorate  whiiih  may  lie  present 

is  unaffected. 

Mkthod  of  PROCE&rBE :  20  \fTa.  of  b1eH«liiii^  powder  are  ground  up  iriUl 
water  in  repeated  quantitiee  and  made  up  to  a  liter;  after  settling,  60  c.r. 
^  1  gni.  of  Meaoh  are  filtered  oft  throuKli  »  dry  filter,  put  [tiUt  a  fUsli,  aud  miied 
irith  a  solution  of  lead  acelate  iu  some  exresH.  There  is  formed  at  first  a  white 
precipitate  of  lead  uhloride  and  lead  hj'droxide;  these  being  acted  on  bv  the 
hypoohlorite  become  first  yellow,  tlieu  brown,  with  liberation  of  chlorine  and 
paasing  into  lead  peroxide.  After  the  precipitate  has  Ballled,  more  lead  solution 
is  added,  to  be  sure  that  the  conversion  js  complete.  The  mixture  is  allowed  to 
stand  in  the  open  flask,  with  frequent  shaking,  till  all  smell  of  chlorine  has 
di^ppeared,  which  occurs  in  from  eight  to  ten  hours.  The  precipitate  is  tlien 
filtered  off  and  washed  till  the  wash-water  is  free  from  acid.  The  washingn  are 
evaporated  somewhat,  added  to  the  filtrate,  and  tiie  whole  mixed  with  sodium 
CKrbonate  in  slixht  excess,  lio  precipitate  the  lead  and  time  as  carbonates — these 
are  well  w-ashed.  the  filtrate  and  washings  evaporated  nearly'  to  dnness,  then 
transferred  to  either  a  Freseni  us  or  Moiir  apparatus  (ftg.  39  or  40)  and  distilled 
with  HCl  as  directed  in  §  39.     1  eq.  :  I  =  CljO,. 

Hixtuxee    of   ChloridM,   HypooUoriteB,    and    CMoritea.— 

It  is  known  that  chlorine  acting  u]Kin  alkaline  and  alkali ne-eartliy 
hydrates  gives  rise  to  elUoriilps,  and  at  the  same  time  to  chlorates,  or  U> 
hy]](w]dorat«s,  according  ae  the  temperature  and  the  concentration  are 
higher  or  lower.  In  average  conditioiiH  the  tliree  kinds  of  salts  are 
formed  simultaneously. 

A  mixture  of  the  same  salts  is  pnxluced  if  solutions  of  sodiinn 
chloride  are  submitted  to  electrolysis,  according  to  the  processes 
recently  used  for  the  maiutfacture  of  fr<«  chlorine  anil  of  caustic  soda, 
or  of  ciilorotea,  or  hy]HK;hlorites. 

In  these  variotts  cases  it  is  of  great  industrial  im])ortance  to  determine 
easily  tlie  proportion  of  each  of  the  salts  present. 

For  the  analysis  of  such  a  mixttire  of  salts,  the  subjoined  metliod  is 
recommended  as  at  once  exiiv<litious  and  accurate.  All  the  determina- 
tions are  performed  successively  ui>on  the  same  solution  (A.  Cartu>t, 
Cotiij'f.  Rend,  csxii.  4+9). 

Mkthod  of  FBOcEUfSR:  1.  The  mixture  of  hypochlorite,  chlorate,  and 
chloride  is  poured  into  a  heaker.  There  is  then  run  into  it  from  a  burette  a 
standard  mlntionof  alkalinearsenite  until  the  hypochlorite  is  completely  reduced. 
To  find  the  exact  moment  when  the  reduction  is  completed,  a  drop  of  the  liquid 
is  placed  upon  a  porcelain  plate  in  contact  with  a  drop  of  solution  of  potassium 
iodide  and  stareh. 

On  tile  mixture  of  the  two  Aioya  there  appears  a  blue  colour  as  long  as  there 
remains  any  hypochlorite  not  redui:ed.  As  soon  as  the  mixture  ceases  to  become 
coloured,  tlic  volume  of  the  arsenite  liquid  is  noted,  and  the  proportion  of 
hypochlorite  or  hypoclilorous  acid  wlitch  has  transformed  it  into  arsenic  acid 
is  obtained ;  or,  consequently,  that  of  the  corresponding  chlorine. 
AsjO,  +  CaCI-Oj^  AsjOi  +  CaCU. 
AsiOj+aNaClO^AsjOj  +  BNaCl. 
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added,  at  least  twenty  timen  of  that  of  the  suppoeed  chlorates.  Heat  to  about 
100°.  adding  in  small  successive  quaotitiee  5  c.c.  of  sulphuric  acid  diluted  with 
16  c.c.  of  Hftter.  It  is  best  to  use  a  tap-ftinnet,  letting  the  acid  tall  in  drop  b; 
drop.  After  having  stoppered  the  vessel,  to  avoid  contact  of  air,  it  is  allowed 
to  cool  for  a  short  time,  and  the  eTcesa  of  ferrous  salt  is  then  titrated  with 
permanganate.  As  the  quantity  of  ferrous  salt  which  was  introduced  is  knowD, 
bj  differoDoe  the  quantity  which  tuu  been  peroiidized  at  the  expense  of  the 
chlorate  reduced  to  the  state  of  chloride  is  found. 

NaClOj  +  6FeO  =  NaCl  +  Vbfi,. 

It  is  thus  eaay  to  calculate  th^  proportion  of  chlorate  or  of  chloric  acid,  or  the 
corresponding  quantity  of  chlorine. 

3.  The  total  chlorine,  which  is  now  entirely  present  in  the  state  of  chloride, 
is  determined  na  follows ;— The  rose  tint  produced  by  the  permanganate  is 
removed  by  adding  a  trace  of  ferrous  sulphate.  Then  add  a  measured  volume  of 
standartl  nilver  nitrate,  more  tlian  enoui^h  to  precipitate  all  the  chlorine,  and 
determine  the  eicesa  of  the  silver  salt  by  means  of  standard  thiocyanate  (j  43). 
The  ferric  salt  previously  formed  by  the  peroxidation  of  the  ferrous  salt  serves 
as  an  indicator,  by  producing  a  permanent  red  colouration  as  soon  as  there  is 
no  more  silver  salt  to  precipitat*.  The  arsenic  acid  produced  in  the  first 
operation  does  not  interfere  in  the  least. 

In  order  to  avoid  the  use  ot  too  large  a  quautity  of  silver  nitrate,  wliicb 
would  be  neceRfflry  on  account  of  the  large  proportion  of  chlorine  to  be 
precipitated,  an  aliquot  part  of  the  solution  may  be  taken. 

The  chlorine  found  in  the  slate  of  a  chloride  in  the  original  liquid  is  easily 
calculated  by  deducting  from  the  total  chlorine  just  detennined  the  two 
quantities  alrmdy  found  in  the  state  of  hypochlorite  and  of  chlorate. 

The  three  operations  succeed  each  other  without  interruption,  and  without 
serarate  preparation,  and  are  completed  in  a  short  time. 

Ill  a  number  of  experimenla  with  mixtures,  the  discrepancies  found  between 
the  experimeutal  resultn  and  the  calculated  numbers  rarely  reached  1  m.icm. 
when  operating  upon  from  250  to  500  m.gm. 

Uiztures  of  Chlorides,  Chlorates,  and  FeroUorates.—A.Carnot 
(Compl.  Stud,  cixii.  4fi3).  Perchlorales  are  found  with  chlorides  and  chlorates 
in  the  products  of  the  calcination  oF  chlorates.  Hypochlorites  are  only  produced 
in  the  cold  or  by  wet  methods ;  but  in  such  cases  no  percLloratea  are  formed,  nor 
can  the  latter  be  reduced  by  the  uj^iial  reagents  in  solution,  dry  heat  being 
necessary  to  accomplish  this  result. 

In  analyzing  such  mixtures,  the  chlorides  and  chlorates  are  estimated  first,  by 
titrating  one  portion  of  the  solution  for  the  chlorides  by  Volhard's  method, 
and  the  other  part  for  the  total  chlorine  after  reduction  of  the  chlorates  by  the 
aid  of  ferrous  sulphate;  or,  an  alternative  method,  both  titrations  can  be 
performed  on  the  same  liquid,  the  chlorides  first— with  sodium  arsenate  as 
indicator  in  preference  to  potassium  chromate,  which  would  interfere  with 
the  subsequent  reaction— and  then  the  total  chlorine  after  reduction  of  the 
chlorates. 

The  perchlorates  are  determined  by  heating  the  powdered  substance,  mixed 
with  four  or  five  limes  its  weight  of  purified  quartz-sand,  in  a  platinum  crucible, 
the  mixture  being  covered  by  a  layer  of  the  same  sand  1  or  2  cm.  deep.  The 
bottom  of  the  crucible  is  kept  at  a  red  heat  for  about  twenty  to  thirty  minutes, 
and  this  is  sufficient  to  completely  reduce  the  chlorates  and  perchlorates, 
vohitilization  of  the  chloride  being  prerented  by  the  condeasing  effect  of  the 
upper  layer  of  sand.  An  aqueous  solution  is  then  made,  the  total  chlorides 
titrated  as  before,  and  the  percbloratc  estimated  by  difference. 

Eatimatioii   of  Ferohlorate  in  Chili  Balpetre.— Ahrens  and 

Hett  (Chem.  Cnlr.,  189B,  ii.  658).  20  gm.  of  the  powdered  sample  are 
introduced  into  a  flat  200  c.c.  platinum  dish  moistened  with  2-8  c.c  of  cold 
saturated  oaustio  soda,  I  gm.  of  pure  manganese  dioxide  added,  and  the  whole 
evaporated  to  dryness ;  the  dish  is  then  covered  and  heated  to  redness.    When 
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cold,  the  Fused  nam  is  trMted  with  100  c.c.  of  hot  witer,  Allowed  Id  odoI,  and 
then  nude  up  to  260  c.c. ;  60  c.c.  of  the  filtmte  sre  scidifled  with  lo  15  c.c.  of 
nitric  acid  of  sp.  frr»l'20,  and  m  solution  of  permuiguiste  is  added  drop  by 
drop  uDtil  the  colour  is  permanent  for  a  oiinule,  Hhowing  that  all  the 
nitrous  Hcid  haa  been  oxidized.  The  chlorine  is  then  estimated  hy  Volhard'a 
process,  and  the  difference  between  the  amounts  of  chlorine  found  before  and 
sfler  fusion  is  calculated  into  percblorate.  Iodides  present  in  the  sample  do  not 
interfere,  as  they  are  oiidised  to  iodatea  bv  the  permanganate. 

The  lodometrio  Estimatlou  of  CUoric  and  Nltrlo  Aoids.— 

TJie  following  uiethoda  by  McGowan  (J.  C.  S.  Ixix.  530  and  J.  C.  iS. 
Ixi.  87)  ilejwnd  on  the  principle  that,  when  a  fairly  concentrated 
sohition  of  a  nitrate  or  chlorate  is  warmed  witli  an  excess  of  pure, 
strong  hydrochloric  acid,  a  nitrate  is  completely  decomposed,  and  the 
production  of  nitrosyl  chloride  and  chlorine  ia  quantitative,  the 
reaction  btfing 

HNOa  +  3HC1  =  NOCl  +  CL,  +  2HaO. 
If  the  O!)erfttion  is  conducted  in  ati  atmosphere  of  carbonic  acid,  and 
the  escaping  gases  are  passed  through  a  solution  of  jtotassium  iodide, 
an  amount  of  iodine  ia  liberated  exactly  equivalent  to  the  whole  of  the 
chlorine  present  (free  and  combined),  nitric  oxi<le  escaping.  1  mol.  of 
nitric  acid  thus  yields  3  atoms  of  chlorine  or  iodine.  The  iodine  can 
then  be  titrated  in  the  usual  manner  with  thioaulpliate.  With 
chlotatos  only  chlorine  is  evolved,  I)e  Koninck  and  Nihonl 
(Zeit.  fiir  oHf/ew.  Chem.  August  15,  1890)  give  details  of  a  process 
dei>ending  upon  the  same  principle. 

Method  of  Fbocedubb  for  NiTRiiTBa :  It  is,  of  counie,  absolutely  essentud 
that  air'  should  be  completely  excluded  from  the  apparatua  as,  if  any  were 
present,  the  escaping  nitric  oxide  would  be  re-oxidized  to  nitrogen  trioxide  or 
tetroiide.  and  this  would  in  its  turn  libemle  a  further  quantity  of  iodine  from 
the  iodide  solution. 

The  nppantus  required  is  very  simple,  and  can  readily  be  made  by  snj 
one  moderately  expert  at  kIiiks- blowing.  The  main  point  lo  be  attended  to 
is  to  have  no  corks  or  ruhher  stopperH,  etc.,  for  the  escaping  chlorine  to  act 
upon.  Fig.  42  is  a  sketch  of  the  apparatus:  the  condensing  amngement  for 
the  chlorine  does  its  work  perfectly,  and  may  therefore  be  used  with 
adTsntage.  not  only  for  this,  but  also  for  other  similar  methods  in  which 
iodine  is  set  free.  The  measurements  given  are  those  of  the  apparatus  as 
used  by  the  author, 

,il  is  a  small,  rouod-bottomed  flasli.  into  the  neck  of  which  a  glass  stopper,  x, 
is  accurately  ground  (with  fine  emery  and  oil).  The  capacity  of  the  bulb  is 
about  4(1  c.c,  and  the  lenglii  of  the  neck,  from  ^  to  ;,  90  m.m.  The  first 
condenser  is  a  simple  tube,  slightly  enlarged  at  the  foot  into  two  small  bulbs. 
The  length  from  a  to  i  is  3UU  m.m„  from  4  to  c  180  m.m,,  and  from  e  lo/ 
i<0  m.m.  The  capacity  of  the  bulb  B  is  26  c.c.,  and  the  total  ca^city  of  the  two 
bulbs  and  tube,  np  to  the  top  of  f,  41  c.c.  This  condenser  is  immersed,  up  to 
the  level  nf  r,  in  a  l)eaker  of  water.  D  is  a  Geissler  bulb  appar»t«^  and 
E  a  chloride  of  calcium  tube,  filled  with  broken  x'^ss,  which  acts  as  a  tower 

4  is  a  small  funnel,  attached  by  rubber  and  lip  to  the  branch  tube  h. 
etween  the  tube  i  and  the  wash-bottle  for  the  carbonic  acid  is  placed  a 
short  piece  of  glass  tubing,  t.  containing  a  strip  of  filter-paper,  slightly 
moistened  with  iodide  of  starch  solution.  This  tube  1  is  really  hardly 
necessaiT.  i'^  no  chlorine  escapes  backwards  if  a  moderate  current  of  carbonic 
acid  is  kept  pasring.  but  it  serves  as  a  check.  The  joints  p  and  j  are  of 
narrow  rubber  tubing.  The  joint  o  is  made  by  grinding  one  tube  into  the 
other,     k  is  the  outlet   tube. 
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The  opention  is  performed  iu  the  tollonring  nunner; — The  evolution  fluk  U 
wuhed  and  thoroughly  dried,  and  the  nitr>t«  (ray  about  0*26  gm.  ol  potOMium 
nitrate)  is  dropped  lato  it  from  the  weighing  tube.  1  to  2  c.o.  of  water  are  now 
added,  (uid  the  bulb  is  gently  wsrmad,  so  is  to  bring  the  nitrate  into  solution, 
after  whioh  the  atopper  of  the  flask  is  firmly  inserted  into  it.  About  15  cc,  or 
so.  of  a,  solution  of  potassium  iodide  (1  in  4)  are  run  into  the  first  condensing 
tutie,  any  iodide  adherini;  to  the  upper  portion  of  the  tube  being  washed  down 
with  a  little  water,  and  6  c.c.  of  the  fame  solution,  miwd  with  8  to  10  co.  of 
water,  are  sucked  into  the  Geissler  bulbs,  whilst  the  glass  in  tower  E  is  also 
thoroughly  moistened  with  the  iodide.  The  Geirsler  bulbs  should  be  so 
arranged  that  gas  only  bubbles  through  the  last  of  them,  the  liquid  in  the 
others  remaining  quiescent. 


Fig.  42. 


All  the  joints  having  been  made  tight,  the  CO]  is  turned  on  briskly,  and 
passed  through  the  apparatus  until  a  small  tubeful  collected  at  l;  over  cauBtio 
potash  solution,  shows  that  no  appreciable  amount  of  air  is  left  in  it.  The  small 
outlet  tube  I  is  now  replaced  by  a  chloride  of  calcium  tube,  filled  with  broken 
glas«  which  ha«  been  moistened  with  the  above  iodide  solution,  and  cloted  by 
a  cork  through  which  an  outlet  tube  passes,  the  object  of  this  "  trap"  tube  being 
(o  prevent  any  air  getting  back  into  the  apparatus;  and  the  brisk  current  of 
CO]  is  continued  for  a  minute  or  two  longer,  ao  as  to  practically  expel  all  the  air 
from  this  last  tube.  The  stream  of  gas  is  now  stopped  for  an  instant,  and  about 
IS  c.c.  of  pure  concentrated  hydrochloric  acid,  free  from  chlorine,  run  into  A 
through  the  funnel  g  (into  the  tube  of  which  it  is  well  to  have  run  a  few  drops 
of  wat«r  before  beginning  to  expel  the  air  from  the  apparatu.i),  and  A  is  shaken 
so  as  to  mix  its  contents  thoroughly.  A  slow  current  of  CO,  is  now  again 
turned  on  (1  to  2  bubbles  Ibroogh  the  wash-bottle  per  second),  and  A  is  gently 
warmed  over  a  burner.  It  is  a  distinct  advantage  that  the  reaction  does  not 
begin  until  the  mixed  solutions  are  wanned,  when  the  liquid  becomes  orange- 
colonred,  the  colour  ^in  disappearing  after  the  nitrosyl  chloride  and  chlorine 
have  been  expelled.  The  warming  should  be  very  gentle  at  first,  in  order  to 
make  sure  of  the  conversion  of  all   the  nitric  acid,  and  also  because  the  first 
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e9C»pinj(  Tupoure  are  relatively  very  rich  in  chlorine ;  »tt«r  which  the  liquid  in 
A  is  bnakly  boiled.  A  very  liltle  practice  enablra  the  opemtor  lo  judge  as  to  the 
proper  nte  of  warnung.  when  the  volume  if  liquid  in  <<  has  been  reduced  t« 
■bout  7  C.C.,  or  BO  (by  which  time  it  is  ajjain  colourlwn),  the  utream  ot  COj  is 
slightly  quickened,  and  the  apparatus  allowed  lo  cool  down  a  litlle.  The  burner 
is  now  set  airide  tor  n  tew  minuter,  and  2  cc.  or  eo,  more  nf  hydrochloric  acid, 
previously  warmed  iu  a  test-tube,  run  in  j«''i*lv  Ihrontrh,?;  there  is  no  feir 
either  of  the  iodide  solution  ntnnin»!  back,  or  of  any  bubbles  of  air  escapinif 
through  y,  if  this  is  done  cnrefully.  Tliiy  i»  a  precautionary  measure,  in  case  a 
trace  of  the  liberated  chlorine  might  have  loiged  in  the  compaiatively  cool 
liquid  in  tube  4.  Tiie  COj  is  once  more  turned  oil  slowly,  and  the  liquid 
in  A  is  boiled  again  until  it  is  reduced  to  about  6  c.c.  It  is  now  only 
necessary  to  allow  tde  apparatvw  to  cool  down,  passinij  COj  all  the  time, 
after  whicli  the  contents  of  tlie  condensers  are  transferred  to  a  Bask  and 
titmted  with  thiosulphate.  At  the  end  of  a  properly  conducted  experiment,  the 
glass  in  the  upper  part  ot  tower  E  should  be  quite  colourless,  and  there  should 
only  be  a  mere  trace  of  iodine  ehowing  in  the  lower  part  ot  the  tower,  while  the 
liquid  in  the  hist  bulb  of  the  Geissler  apparatus  ou^ht  to  be  only  pale  yellow. 
During  the  operation  the  stopper  of  A  ana  the  various  joints  can  be  tested  tor 
tightness  from  time  to  time  by  means  ot  a  piece  of  iodide  of  starch  paper,  and, 
before  disjointing,  it  is  well  to  t«st  the  escaping  gas  (say,  at  m)  iu  the  8sme  way, 
to  make  sure  that  all  nitric  oxide  has  been  thoroughly  expelled, 

ExtMPLE:  0'2627  gm.  of  pure  KNO,  wa^  taken.  The  liberated  iodine 
required  38-66  c,c.  of  thiosulphate  (ot  whieli  I  c.c.  =0006806  ^ni,  KNOJ  tor 
conversion.    This  gave  0'2fl24  gm.  nitrate  found,  or  a9-»Q  per  cent. 

MRrHoD  OF  Procedube  for  Chlobates  :  Tlie  apparatus  employed  is  the 
same  as  tor  nitnite»,  but  since  it  is  unnecessary  in  this  estimation  to  previously 
expel  the  ur  present  by  a  current  of  CO;,  those  lubes  whioh  come  after  the 
tower  S  are  dispensed  with.  The  details  of  the  operation  are  also  practically 
the  same  as  in  the  case  ot  a  nitrate,  only  simpler.  Comparatively  dilute  hydro- 
chloric acid  may  be  employed,  and  the  COg  la  required  merely  to  ensure  a 
regular  passage  of  the  vapours  through  the  iodine  solution,  and  to  prevent  any 
chlorine  escaping  backwards.  This  is  tested,  as  before,  by  the  small  piece  of 
iodide  ot  starch  paper  in  tube  t,  which  should  be  so  placed  as  never  to  get  warm. 

The  chlorate  is  weighed  out  into  the  dry  evolution  flask  A.  then  dissolved  iu  8 
to  10  o.c.  of  water,  and,  after  all  the  necessary  connections  have  been  made,  8  to 
10  O.C.  ot  pure  concentrated  hydrochloric  acid  are  run  in  through  the  tunnel ,«. 
Since  the  reaction  begins  in  the  oold.  the  COj  must  be  turned  on  immediately, 
and  kept  passing  at  the  rate  of  about  four  bubbles  jier  second.  Care  should  \)e 
taken  to  heat  very  gently  at  first,  until  the  bulk  of  the  chlorine  has  oome  over. 
after  which  the  lamp  Hame  may  be  gradually  turned  up  and  the  liquid  boiled, 
exactly  »«  in  the  ca.ie  of  the  nitrate ;  this  ensures  tliat  no  chlorine  escapes  back- 
wards. Aud,  as  before,  after  all  the  chlorine  has  been  apparently  driven  out,  and 
the  solution  has  become  colourless,  a  second  quantity  of  warm  hydrochloric  acid 
(1  in  2)  is  run  in,  and  the  boiling  reiieated  Cor  a  few  minutes. 

Chlorates,  lodates.  and  Bromates. 

C(jf\=  150-74,  IA^3-''3.  IW)5  =  239-6.  The  compounds  of 
chloric,  iodic,  and  l)roiiiic  anhydrides  may  all  be  deteraiiiieil  by  distilla- 
tion or  digestion  with  excess  of  hydrocliloric  acid  ;  with  cliloratea  the 
quantity  of  acid  must  lie  considerably  in  excess. 

In  each  case  1  «[.  of  tlie  resi>ective  anhydrides  taken  as  monobaeie 
or  their  eomiwiitids,  liwrates  6  eq.  of  chlorine,  and  cdnsequeiitly  6  oq. 
of  iodine  when  decnni|Ki8ed  in  the  digestion  flask.  In  tlie  case  ttt 
distillation,  however,  iodic  and  broinic  acids  only  set  free  4  eq.  iodine, 
while  iodous  and  hroinous  chlorides  remain  in  tlie  retort.  In  botli 
these  casi's  digestion  is  iireferaiile  to  distillation. 
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BxiMPLE :  02043  gm.  pure  potassium  chlont«,  equal  (o  the  sixth  part  ot 
nim  ^'  ^"f"  ilecQmpoHed  by  digestion  irith  potiseium  iodide  und  stronf;  hydro- 
chloric acid  ill  the  bottle  shown  m  fi({.  41.  After  the  reaction  wm  complete,  and 
the  bottle  cold,  the  stopper  was  removed,  and  the  contents  washed  out  into  a 
beaker,  stuch  added,  and  103  c.c.  ''/lo  thiosniphate  delivered  in  from  tbe 
burette ;  then  again  23'2  c  c,  of  '^/loo  iodine  solution,  to  reproduce  tlie  blue 
■  colour;  this  latter  wm  therefore  equal  to  2'3Z  c.c,  "/lo  iodine,  which  deducted 
from  tbe  103  c.c.  thioHutphate  ^ve  lOU'BH  c.c,  which  multiplied  by  the  factor 
0-002043.  ti^ve  0'2056  gm..  instead  of  0-2043  gm. 

CHBOHITTM. 


1.    Beduotlon  by  Iron. 

§  56.  The  estimatiou  of  clironiateK  is  very  simiJy  ami  succcHsfully 
[wrfomied  by  tlie  aid  of  ferrous  sul]ihate,  l^eiii);  the  converife  of  the 
process  tlevised  hy  I'enny  for  the  estimation  of  iron  (see  §  37). 

Method  of  Pboceuvre:  A  very  small  beaker  or  other  convenient  vessel  is 
I»rtly  or  wholly  filled, »»  may  be  requisite,  with  perfectly  dry  and  (fianular  double 
sulphate  of  iron  and  ammonia  ;  the  exact  weight  then  taken  and  noted.  The  chro- 
mium compound  i?  brought  into  solution,  not  loo  dilute,  acidified  with  sulphuric 
acid,  and  small  quantities  of  the  iron  salt  added  from  time  to  time  with  a  dry  spoou, 
taking  care  that  none  is  spilled,  and  stirring  with  a  glass  rod.  until  the  mixture 
becomes  green,  and  tbe  iron  is  in  excess,  be«t  known  by  a  nmall  drop  being 
brought  in  contact  with  a  drop  of  potassium  ferricyanide,  if  a  blue  colour 
appears  at  the  point  of  contact,  tbe  iron  is  in  excess.  It  is  necessary  to  estimate 
tiua  excess,  whtt-h  is  most  conveniently  done  by  "/lo  bichromate  being  added 
until  the  bhie  colour  produced  by  contact  with  the  indicator  disappears.  The 
vessel  containing  the  iron  salt  is  aiisain  weighed,  the  loss  noted ;  the  quantity  of 
the  salt  represented  hy  the  "/lo  bichromate  deducted  from  it,  and  the  remainder 
multiplied  by  the  factor  required  by  Ibe  substance  sought.  A  freshly  made 
stAudard  solution  of  iron  salt,  well  acidihed  with  sulphuric  acid,  may  be  used  in 
place  of  the  dry  salt. 

EsAUFLE:  6*6  gm.  pure  potassium  bichromate  vcas  taken  for  analysis,  and  to 
iU  acid  solution  4-lS  gm.  double  iron  salt  added.  3*3  c.c.  of  m/iq  bichromate 
were  required  to  oxidize  the  excess  of  iron  salt ;  it  was  found  that  0-7  gm.  of  the 
salts'lT-BB  c.c.  bichromate,  consequently  3*3  c,c,  of  the  latter  were  equal  to 
D-l£9Se  gin,  iron  salt :  this  deducted  tram  the  quantity  originally  used  left 
4-02015  gm,.  which  multiplied  hy  0-1255  gave  0-504  gm.  instead  of  0-5  gm. 

In  the  case  of  leml  chtomate  being  estimated  in  this  way,  it  is  best 
to  mix  )M>th  t)ic  cliroinate  and  the  iron  salt  together  in  a  mortar, 
rubbing  thein  to  jwwder,  adding  liydrochloric  aci<i,  stirring  well 
together,  then  diluting  wjtli  water  and  titrating  as  before.  Where 
pure  double  iron  nalt  is  not  at  liatid,  a  solution  of  iron  wire  in 
aiil|)hnric  acid,  freshly  matle,  and  of  ft.ic-ertained  strength,  may  be  used. 

2.    Estimation  of  Chromates  by  Diatillation  with 
Hydroolilorio  Acid. 

When  clu-omates  are  boiled  with  an  exeesa  of  strong  liydrocldoric 
acid  in  one  of  the  apiwratus  (flg.  39  or  40),  every  1  etj.  of  chromic  acid 
liljerates  3  eq.  chlorine.  For  instance,  with  [KitatiKinm  bichromate  the 
reaction  may  be  exiiressed  aa  follows — 

KjCrjd;  +  UHC1  =  2KC1  +  Cr^Clfl+  7I1.< )  +  6C1. 
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If  the  liberated  chlorine  is  conducted  into  a  solution  of  {Mtatwium 
iodide,  3  eq.  of  iodine  are  set  free,  and  can  lie  estimated  \>y  */,o 
araenite  or  thiosulphate.  3  eq.  of  iodine  bo  obtaincd  =  381'6  represent 
I  eq.  chromic  acid  =  lOO'iO.  The  same  decomposition  takes  place  by 
mere  dif^estion,  as  described  in  §  39. 

3.    Chrome  Iron  Ore,  Steel,  etc. 

The  ore  varies  in  quality,  some  sampler  being  very  rich,  while 
others  are  very  poor,  in  cliromium.  In  all  cases  the  sample  ia  to 
be  first  of  all  brought  into  exirf-ntely  fine  p&ioiier.  Alraut  a  gram  ie 
rubl)ed  tolerably  fine  in  a  steel  mortar,  then  finished  fractionally  in 
an  agate  mortar. 

Christomanos  recommends  tliat  the  coarse  powder  should  be 
ignited  for  a  short  time  on  platinum  previous  to  [wwdering  with  the 
agate  mortar;  after  that  it  should  be  sifted  through  the  finest  material 
that  can  be  used,  and  the  coarser  particles  returne<l  to  the  mortar  for 
rcgrinding. 

Previous  to  analysis  it  should  be  again  ignited,  and  the  analysis 
made  on  the  dry  samjile. 

O'Neill's  Prooess.— The  very  finely  powdet«d  ore  is  fused  with  leo 
times  its  weight  of  potassium  bisulphate  for  twenty  minutes,  taking  e»K  thnt  it 
doe<i  Dot  rise  over  the  edge  of  tlie  plntiiium  crucible ;  when  the  fusion  is  complete, 
the  molten  mass  is  caused  to  flow  over  the  side*  of  the  crucible,  so  us  to  prevent 
the  formation  of  a  solid  lump,  and  the  crucible  set  aside  to  cool.  The  mass  is 
transferred  to  a  porcelain  dinh,  and  lixiviated  with  warm  water  until  entirely 
dissolved  (no  black  residue  must  occur,  otherwise  the  ore  is  not  completely 
decomposed) ;  sodium  carbonnte  is  then  added  to  the  liquid  until  it  is  strongly 
alkaline;  it  is  then  brought  on  a  filter,  washed  slightly,  aud  the  Biter  dried. 
Wheti  perfectly  dry,  the  precipitate  is  detached  from  the  filter  as  much  as 
possible ;  the  filter  burned  separately ;  the  ashes  and  precipitate  mixed  with 
about  twelve  times  the  weight  of  the  ori^nsl  ore,  of  a  mixture  of  two  parts 
potassium  chlorate  and  three  parts  sodium  carbonate,  and  fused  in  a  platinum 
crucible  for  twenty  minutes  or  so ;  the  resulting  mass  is  then  troited  with  boiling 
water,  filtered,  and  the  filtrate  titrated  for  chromic  acid  as  In  §  56.1. 

The  ferric  oxide  remaining  on  the  filter  is  titrati^d,  if  require<l,  hy 
any  of  the  methods  described  in  g§  63  and  64. 

Britton'S  FrOOeSB.^lleduce  the  mineral  to  the  finest  state  of  division 
possible  in  an  Aitnte  mortar.  Weigh  off  05  gm.,  and  add  to  it  4 gm.  of  flux, 
previously  prepared,  composed  of  one  part  potassium  chlorate  and  three  parts 
soda-lime;  thoroughly  mix  the  uiasc  hy  triturating  In  a  porcelain  mortar,  and 
then  ignite  in  a  covered  pliitlnum  orutible  at  a  bright-red  heat  for  sn  hour  and 
s  half  or  more,  20  minutes  is  suflicienl.  with  the  gas  blowpipe.  The  mass  will 
not  fuse  but  when  cold  can  be  turned  out  of  the  crucible  by  a  few  gentle  tips, 
leaving  tlie  interior  of  the  vessel  clean  and  liright.  Triturate  in  the  mortar 
again  and  turn  the  giowder  into  a  tall  beaker,  and  add  about  20  c.c.  of  hot 
water,  aud  boil  for  two  or  three  minutes;  when  cold  add  15  c.c.  of  UCI.  and 
stir  with  a  gUt«  rod.  till  the  solid  matter,  with  the  exception  probably  of  a  little 
silica  in  flakes,  becomes  dissolved.  Both  the  iron  and  chromium  will  then  be  in 
the  highest  stale  of  oxidation  -  FcjOa  and  CrjOj.  Pour  the  fluid  into 
n  white  porcelain  dish,  and  dilute  with  washings  of  the  beaker  to  about  3  oz. 
Immediately  after,  afei,  add  cautiously  1  gm.  of  metallic  iron  of  known  purity, 
or  an  equivalecit  quantity  of  double  iron  salt,  previously  dissolved  in  dilute 
sulphuric  acid,  and  further  dilute  ivitli  cold  n'ater  to  about  5  oz.,  to  make  up  the 
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volume  in  the  di«h  U>  about  B  oz.,  ihen  titrate  nith  "/lo  permanganaite  the 
amount  of  ferrous  oxide  remniDin^.  The  difference  between  the  amount  of  iron 
found  and  of  the  iron  weighed  will  be  the  amount  oxidiied  to  sesquioiide  by  the 
cbromio  acid.  Every  one  part  bo  oxidized  will  repreBent  0'320  of  Cr or  4520  of 
Cr,0],  in  which  last  condition  the  substance  usually  exists  in  the  ore. 

If  the  amount  of  iron  only  in  the  ore  is  to  be  determitied.  the  prooeee  Is  still 
shorter.  Aft«r  the  fluxed  mineral  liaa  been  ipiited  and  reduced  to  powder,  as 
already  directed,  dissolve  it  by  adding  first,  10  c.c.  of  bot  water  and  applying 
a  gentle  heat,  and  then  IS  c.c.  of  UCI,  continuing  the  heat  to  ineipient  bailiDK 
till  complete  deoomposition  has  been  effected;  cool  by  immersing  the  tube  in 
a  bath  of  cold  water,  add  pieces  of  pure  metallic  zino  suSicient  to  bring  the  iron 
to  the  condition  of  protoxide  and  the  chromium  to  eesquioxide,  and  apply  heat 
till  small  bubbles  of  hydrogen  cease,  and  the  zinc  has  become  quite  diseolved ; 
then  nearly  fill  the  tube  with  cold  water,  acidulated  with  one-tenth  of  sulphuric 
acid,  and  pour  the  coDteots  into  the  porcelain  dish,  add  cold  water  to  make  up  the 
Tolume  to  about  250  cc,  and  titrate  with  standard  permanganate  or  bichromate. 

Soil's  ProeeBB.-Tlu8  method  is  deBcrilied  in  J.  C.  S.  1879 
(p.  292),  and  is  carried  out  by  first  fusing  tlie  finely  ground  ore  with 
a  mixture  of  sodium  bisulphate  and  fluoride  in  tlie  proportion  of 
1  mol.  bisulphate,  and  2  niol.  fluoride,  and  subsequent  titration  of  the 
chromic  aciil  by  standard  thiosulpliate  and  iodine. 

Prom  O'l  to  0-5  gm,  of  the  ore  is  placed  on  the  top  of  ten  times  its  weight  of 
the  above-mentioned  mixture  in  a  large  pUtinum  crucible,  and  ignited  for  fifteen 
minutes;  an  equal  weight  of  sodium  bisulphate  is  then  added  and  well  in- 
corporated by  fusion,  and  stirriog  with  a  platinum  wire;  then  a  further  like 
quantity  of  bisulphate  added  in  the  same  way.  When  complete  decomposition 
has  occurred,  the  mass  is  boiled  with  water  acidulated  with  sulphuric  acid,  and 
the  solution  diluted  to  a  definite  volume  according  to  the  quantity  of  ore 
originally  taken. 

To  insure  the  oxidation  of  all  the  chromium  and  iron  previous  to  titration, 
a  portion,  or  the  whole,  of  the  solution  is  heated  to  boiling,  and  permanganate 
added  until  a  permanent  red  colour  occurs.  Sodium  carbonate  is  then  added  in 
slight  excesii,  and  sufficient  alcohol  to  destroy  the  excess  of  permanganate ;  the 
manganese  precipitate  is  then  filtered  off,  and  the  clear  solution  titrated  with 
^/lO  thiosulphate  and  iodine 

The  author  slates  that  the  analysis  of  an  ore  by  this  method  may 
be  accomplished  in  one  hour  and  a  half. 

For  the  oxidation  of  salts  of  chromium,  tlie  same  authority 
recommends  boiling  with  potash  or  sodium  carbonate  (to  which 
a  small  quantity  of  hydw^en  peroxide  is  added)  for  15  minutes. 

For  the  preliminarj-  fusion  and  oxidation  of  chrome  iron  ore, 
Dittmar  recommends  a  mixture  of  two  parts  borax  glass,  and  one 
and  a  half  part  each  of  sodium  and  potassium  carbonate.  These  are 
fused  together  in  a  platinutn  crucible  until  all  effervescence  ceases, 
then  poured  out  into  a  lai^e  platinum  basin  or  upon  a  clean  iron  plate 
to  cool,  broken  uji,  and  preserved  for  use. 

Ten  ]>arts  of  this  mixture  is  used  for  one  past  of  chrome  ore,  aiul 
the  fusion  made  in  a  platinum  crucible,  closed  for  the  first  five  minutes, 
then  opened  for  about  forty  minutes,  frequently  stirring  with  a  platinum 
wire,  and  using  a  powerful  Bunsen  flame.  The  gas  blowpipe  hastens 
this  method  considerably. 

The  above  described  methods  of  treating  the  ores  of  chromium  so  as 
to  obtain  complete  decomiwsition,  are  apparently  now  superseded  to 
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a  great  extent  liy  the  use  i>f  aiMlium  peroxide,  Imt  tlie  action  of  tliis 
agent  is  ho  eiiei^tic^  ujhiii  plutinuni,  ff<li\,  silvi'V,  nickel,  or  i><)rcelaiii 
that  its  UHi!  reijuireH  great  tare.  ^lany  well  kmiu'n  authorities  on  the 
anslj'siR  of  ehrome  ores  use  a  lianic  mixture  nik-1i  as  was  first  siigyested 
by  Clark,  but  iu(Klitif>d  hy  Steail,  i.e.,  iiingiiesia  or  lime  four  iJarL-s 
jM>tassium  anil  WMlium  mrhonates  of  eacli  one  jiart.  Clark's  original 
mixture  of  ma^esia  ami  laustic  stxla  acts  mi  [ilatinuni,  but  Stead's 
mixture  does  not. 

The  fusion  is  made  by  uiiiciii)^  the  very  finely  f^rouud  lomple  nith  ten  time? 
its  weight  of  the  basia  mixture  in  a  plaCiDniu  crucible,  and  lusting  to  bri>;ht 
redness  at  tlie  back  of  a  gas  muffle  fur  about  an  hour  When  the  crucible  is 
removed  and  cool  the  moss  iii  found  einterrd  toother.  It  is  removed  to  a  beaker, 
aud  the  crucible  waslied  out  with  water  and  dilute  sulphuric  acid.  The 
decomposilioii  is  Kenerall;  complete,  but  if  any  black  specks  are  found  they 
must  be  separated  by  hllration,  dried,  and  again  fused  with  some  of  the  basic 
mixture;  finally  the  whole  is  mixed  with  excess  of  ferrous  salt,  and  the 
unoiidiaed  iron  litraled  with  bichromate  as  Ijefore  described. 

Rideal  ami  Rosenhluni  (J.  S.  C.  I.  xiv.  1017)  give  a  series  of 
e\])eniueiits  on  the  estimation  of  ehromium  in  on-^  steels,  etc.,  and 
on  tlie  use  of  sodium  gieroxide,  uhieh  lattei  thtj  hnd  has  a  most 
df<tnictne  etfeLt  on  all  kinils  of  \esaeN  in  winch  the  ilecomjxwition  is 
made— nicktl  seems  the  bejjt  material  if  not  exjiowd  to  too  high 
a  teinjierature,  but  tlic\  found  also  that  a  good  deal  of  niekel  was 
dissohed  from  the  (.nitiblet  by  the  sulphunc  acid  u^ed  to  dissolve  the 
melt,  and  the>  therefore  attach  greJit  mijioi'tant-c  to  tht.  iiltiation  of 
the  aqueous  solution  of  the  melt,  so  as  to  remtie  nickel  ami  iron 
oxides  which  otherwiBi  interfere  with  the  titration  l>\  masking  the 
colour  of  the  indicator 

FerroobTome,  Cbromium  Steel,  oto.-.Siiiiller  and  Brenner 
(Chem.  Zeit.,  18*17,  ii  p  3,  4)  describe  an  improved  method  which 
gives  letter  results  than  the  prLvious  iiietbiid  advocated  by  Sjuiller 
and  Kalman. 

Method   of  PRoCFurBE  fob    Frrhochkoyk  :    0-35   gm.  of   the  finely 

Eawdered  sample  mixed  lu  a  silver  dish  with  2  gui.  of  dry  powdered  sodium 
ydroxide  and  covered  with  4  ^i  of  sodium  peroxide,  is  heated  until  the 
mixture  begins  to  melt  when  as  a  consequence  of  the  strong  chemical  action, 
the  whole  mass  soon  becomes  liquefied.  The  dish  i'  then  again  heated  for  ten 
mimites  over  a  ponerful  burner  and  6  ^n.  of  sodium  peroxide  is  cautiouslj 
addeil,  stirring  all  the  nhile  with  a  silver  spatula.  After  heating  tor  tliirty 
minules  more,  another  5  jnn  of  sodium  peroxide  is  added  and  the  heating 
continued  for  Iwenlj  minutes  nlien  a  final  5  gm.  of  the  lieroxide  is  added. 

When  cold,  the  iilver  basin  is  placed  in  a  deeii  porcelain  dish  and  filled  witJi 
water;  when  the  lixiviation  is  completed,  which  takee  a  few  minutes  only,  the 
silver  dish  is  lified  out  and  nell  rin»«d  with  hot  water.  A  brisk  current  of  CO, 
is  then  passed  thronj-h  the  liquid  for  half  an  hour,  the  whole  allowed  to  cool, 
introduced  into  a  liter  measure,  and  made  up  to  the  mark  with  water.  After 
shaking  and  filtering,  250  c.c.  are  taken  and  the  chromic  acid  titrated  by  a 
permanganate  solution  of  which  1  c.e.  equals  about  U'UO-'i  gin.  of  iron,  and  a 
solution  of  ferrous  ammoniimi  sutphHte  containing  7  gm,  of  the  salt  in  500  c.c. 
The  chromium  solution  is  diluted  with  1  liter  of  cold  water  which  has  been 
previously  boiled  and  acidified  with  20  c.c.  of  sulphuric  acid  (1  :  5  by  volume) ; 
loo  c.c.  of  fermm  ammonium  sulphate  are  added,  and  the  mixture  titrated  back 
with  penminganale.     The  strength  of  the  ferrous  solutiou  is  determined  by  a 


^d  by  Google 


g  56.  CHROMIUM.  183 

blank  experiment  under  ^iiuJUr  conditiooe.  If  the  solution  of  the  melt  appears 
nreeii,  it  is  sdviBable  to  add  tlrat  a  few  c.c.  of  permant^uate  and  then  some  more 
godiuiu  peroiide,  when  a  pure  yellow  liquid  will  be  obtained. 

M]?rHOD  OF  PHOrEDURS  FOB  Chbome  Stkbl;  Bgni,  of  the  sample  is  dissolved 
in  20  c.c.  of  warm  hydrochloric  acid  contained  in  a  porcelain  dish,  10  c.c.  of 
dilute  Eulpliuric  acid  (1  :  I)  are  added,  and  the  whole  evaporated  to  dryness ;  the 
residue  is  then  transferred  to  a  silver  disli  and  heat«d  with  a  gm.  of  sodium 
hydroxide  and  5  gm.  of  tvidium  peroxide,  until  the  sulphates  are  decomposed  and 
the  mass  begins  to  cake.  A  strong  heat  is  now  applied  and  another  G  gm.  of  the 
peroxide  is  added.  When  the  mass  begins  to  fuse,  it  is  well  stirred  with  a  silver 
spatula,  and  aft«r  20  minutes  another  5  gm.  of  peroxide  is  added  ;  after  another 
20  minutes,  when  the  oxidation  is  complete,  a  further  addition  of  6  gm.  of  the 
soda  is  made  and  the  mass  i.'  allowed  to  cool.  Tlie  melt  i*  then  extnicted  as  in 
the  former  case,  but  the  liquid  is  made  up  to  600  c.c.  only,  and  250  c.c.  of  the 
filtrate  (I  gm,  of  sample)  are  taken  for  the  titration  of  the  obrominm.  In  this 
pa.«e,  the  authors  prefer  titrating  according  to  Zulkowsky's  method;  the 
liquid  is  put  into  a  long,  narrow  beaker,  mixed  with  10  c.c.  of  a  10  per  cent, 
solution  of  potassium  iodide,  and  acidified  with  pure  hydrochloric  acid.  To 
another  beaker  cont^ning  20  c.c.  ol  a  solution  of  potassium  bichromate 
(0-9833  gm.  per  liter),  250  e.c,  of  water  are  added,  then  10  c.c.  of  a  10  per 
cent,  solution  of  potai«ium  iodide  and  a  little  hydrochloric  acid.  After  being 
left  fur  16  niinutea  in  a  dark  place,  both  liquids  are  titrated  with  solution 
of  sodium  thiosulphate  containing  4'96  gm.  of  the  salt  per  liter.  The  amount 
of  chromium  being  known  in  the  one  solution,  the  quantity  contained  in  the 
other  is  readily  calculated. 

Rideal  anil  Kosenblum  have  olitaiiied  excellent  results  with 
ferrochroinc,  by  fusion  with  soilium  ]ieroxiile  alone.  The  manner 
of  procedure  was  as  follows : — 

About  O'o  gm.  of  a  very  finely  powdered  ferrocbrome  was  mixed  with  3  gm,  of 
sodium  peroxide  and  heated  very  gently  in  a  nickel  crucible,  until  the  mass 
began  to  melt,  and  then  to  glow  by  itself.  The  heating  was  then  continued  for 
ten  minutes,  and  after  the  mass  was  partially  cooled  1  gin,  of  sodium  peroxide 
was  added  and  the  heating  continued  for  another  five  minutes. 

The  crucible,  when  still  moderately  warm,  n-as  placed  in  a  suitable  porcelain 
basin,  which  was  then  half  filled  with  hot  water  and  covered  with  a  clock  glass. 
The  melt  easilj'  dissolved  in  the  hot  water,  the  solution  obtained  being  of  a  deep 
purple  colour,  due  to  sodium  ferrate,  which  is  abundantly  formed  during  the 
fusion.  The  solution  also  contained  sodium  manganate,  resulting  from  the 
oxidation  of  the  manganese  wltioli  is  present  in  ferrocbrome. 

To  decompose  both  these  raits  a  small  quantity  of  sodium  peroxide  was  added, 
on  which  the  solution  immediately  lost  its  purple  colour.  The  solution  was  then 
boiled  for  len  minutes  to  decompose  the  excess  of  sodium  peroxide,  and  the 
in.soliible  residue  of  iron,  nickel,  and  manganese  oxide  was  liltered  off.  An 
exocs  of  sulphuric  acid  was  then  added  to  tlie  solution,  and  after  cooling  it  was 
titrated  in  the  usual  manner  with  permanganate. 

Galbraith's  method,  modified  somewhat  by  Stead  {Jour.  Iron  awl 
Steel  Imlifule,  1893,  153),  is  considered  the  most  rapid  method  for  the 
estimation  of  chromium  in  irons  and  steels. 

The  sample  is  dissolved  in  dilute  sulphuric  acid,  filtered,  the  solution  diluted 
to  about  300  c.c.  and  heated  to  boiling.  Strong  solution  of  potassium  per- 
manganate is  now  added  until  the  red  colour  is  j)ermanenl  for  ten  minute«.  then 
80  c.c.  of  ID  per  cent,  hydrochloric  acid,  and  the  liquid  heated  until  decolorized  ; 
150  c.c,  of  water  are  ad4ed,  about  100  c-c,  boiled  off  to  expel  the  chlorine,  and 
the  chromium  is  then  titrated.  The  residue  insoluble  in  dilute  sulphuric  acid  is 
mixed  with  05  gm.  of  the  basic  mixture  previously  mentioned,  and  heated  to 
intense  redness  for  half  an  hour;  the  chromium  Is  afterwards  tilrated  in 
hydrochloric  acid  solution  with  ferrous  sulphate  and  bichromate. 
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Another  prooesg  ooiuists  id  diMolniii;  2  pa.  ot  the  mmple  in  hydroohloric 

add  ;  without  filt«riii);,  the  liquid  in  nearly  neutraliied  with  a  2  per  cent. 
golutioQ  of  cauBtio  soda,  and  after  diluting  in  300  c.c,  10  c.c.  ot  a  5  per 
cent,  solution  of  sodium  phosphale  and  30  gm.  of  sodium  thiosulphate  are 
added.  After  boilint;  to  expel  the  SO),  20  c.o.  uf  a  saturated  solution  of  eodium 
acetate  arc  added,  and  the  hoiling  continued  for  five  minutes  ;  the  precipitated 
chromium  phosphate  is  then  washed  with  a  2  per  oent.  solution  of  ammonium 
nitrate,  dried,  ciluined,  and  fused  with  the  bssic  niiiture.  The  melt,  diaBolvod 
in  30  c.c,  of  hydrochloric  acid  and  150  c.c.  of  water,  is  boiled  for  ten  ainulet 
and  titrated.  The  process  ma;  be  uxed  in  presence  of  vanadium.  In  this  case, 
the  (^romiuin  must  be  titrated  by  means  of  ferrous  sulphate  and  permanganate 
in  presence  of  sulphuric  acid. 

Kideal  and  Ki>aenl)luni'Rex))eriiuciitH  apiKNtr  to^liow  that  sodium 
[>eroxi(le,  if  certain  conditions  be  observed  in  its  use,  is  a  very  valuable 
^ent  for  the  analysis  of  chrum.e  ore,  ferrochrome,  and  chrome  steel,  as 
it  removes  the  two  main  defecte  of  fonner  metlnxls,  viz.,  the  necessity 
of  repeated  fusion  to  effect  complete  decomposition  and  the  inconvenient 
slowness  of  these  proeessee.  The  conditions  which  should  be  observed 
are  summarized  by  them  as  follows  : — 

(1)  Gr«»t  care  should  be  taken  to  reduce  the  chrome  ore  or  the  ferrochrome 
to  an  almost  impalpable  powder.  This  can  be  done  without  much  difficulty  if 
the  ore  or  the  alloy  be  crushed  in  a  steel  mortar  until  a  tiowder  is  obtained 
which  will  pasH  throu);h  a  linen  bag,  Tbif  ponder  is  tlien  ground  Ju  an 
agate  mortar  to  tlie  required  degree  of  fineness,  a  little  water  being  added  tu 
facilitate  the  grinding. 

(2)  The  water  solution  of  the  melt,  before  acidulation.  must  be  freed  from 
an  excess  ot  sodium  peroxide.  Whenever  sodium  ferrate  or  sodium  manganate 
is  formed  during  the  fuxion  it  nuiKt  be  decomposed  in  the  water  solution 
of  the  meh. 

(3)  As  the  result  of  the  analysis  dei)end9  te  a  lari^e  extent  upon  the  titration, 
and  especially  upon  a  clear  perception  of  its  final  point,  it  is  important  that  the 
solution  in  which  the  chrome  is  to  be  determined  should  be  as  free  as  possible 
from  other  metallic  salts,  as  for  instance,  iron,  manganese,  and  nickel  salts. 
We  have  also  observed  tliat  the  ferricyanjde  solution  which  is  u«d  as  an 
indicator  is  most  satiafaclory  when  it  contains  no  more  than  1  per  cent,  of 
terricyanide. 

lodometric  EBtlmation  of  Chromio  Aoid.— H.  P.  Seubert 
and  Henke  (Zeit.  /.  ang.  V.,  1900,  1147)  have  devised  a  method 
which  dejiends  upon  the  reaction  : 

KjCrjO:  +  6KI  +  TH^SO,  =  4K^rtO^  +  (;rj(.S(>,)j  +  7H,0  +  61. 
Under  ordinary  circumstances  the  action  takes  considerable  time. 
The  authors  liave  made  an  exhaustive  investigation  of  its  rate  of 
prt^ess  when  the  different  bodies  are  present  in  ditferent  quantities. 
Increasing  the  proijortion  of  acid  accelerates  the  reaction  more  than 
increasing  the  pro|K>rtion  of  potassium  iodide  does ;  dilution  greatly 
retanls  it.  The  following  are  convenient  proportions  to  use  ; 
Bicliromate,  0-05  gm. ;  potassium*  iodide,  0'5  gm. ;  sulphuric  acid, 
1'8  gm, ;  total  volume,  100  cc.  If  less  tlian  005  gm,  of  bicliromat« 
be  present,  the  other  quantities  should  still  be  kept  the  same.  If  there 
be  more  bichromate,  the  ioiUde  and  acid  should  be  pro[>ortionately 
increased  without  adding  more  water,  unless  there  be  more  than 
0'25  gm.  The  reaction  is  complete  in  about  six  miimtea.  The  liquid 
should  then  be  diluteil  and  titrate<l  with  thiosulphate  solution,  using 
starch  as  indicator. 
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Estimation  by  Fermanganate  and  Mercuric  Oxide 
(C.  Winkler). 

§  57.  Thb  volumetric  estiuiatioti  of  cobalt  especially  in  the  presence 
of  other  metals  is  not  yet  very  satisfactory.  The  method  here  mentioned 
ia  worthy  of  notice,  and  with  ati  alteration  au^ested  by  H.  B.  Harria 
(J.  Am.  G.  S.,  1898,  173)  is  capable  of  giving  fair  technical 
results.  This  alteration  is  to  carry  out  the  titration  in  a  hot 
solution  instead  of  a  cold  one,  as  appears  to  have  been  done 
by  Winkler.  If  an  aqueous  solution  of  colialtous  chloride  or 
sulphate  be  treated  with  an  emulsion  of  precipitated  mercuric 
oxide,  no  decom[K)sition  ensues ;  but  on  the  addition  of  per- 
manganate to  the  mixture,  hydratcd  cobaltic  and  manganic  oxides 
are  precipitated,  and  the  mercuric  oxide  is  simply  used  to  mechanically 
separate  the  resulting  oxides.  It  is  probable  that  no  definite  formiUa 
can  be  given  for  the  reaction,  and  therefore  practically  the  working 
effect  of  the  permanganate  is  best  established  by  a  standard  solution  of 
cobalt  of  known  strength,  say  metallic  cobalt  dissolved  as  cldoride,  or 
neutral  cobaltous  sulpliate. 

Method  of  P&ocBnrBB :  The  solution  of  about  O'l  to  0'2  ;(Ta.  of  the  metal 
tree  from  nny  great  excess  oF  acid,  w  placed  in  a  flask,  diluted  to  about  200  c.c, 
and  a  tolerable  quantity  of  mercuric  emulsion  (precipitated  from  the  nitnt^  or 
perchlomte  by  alkali  anil  washed)  added.  Permanj^nate  from  a  burette  it  then 
slowly  added  to  the  hot  solution  with  constant  shaking  until  the  rose  colour 
appesje  in  the  clear  liquid  above  the  bulky  brownish  precipitate. 

The  appearance  of  the  mixture  is  somewhat  puzzling  at  the  beginning, 
but  as  more  permanganate  is  added  the  precipitate  settles'  more  freely, 
and  the  end  as  it  approaches  is  very  easily  distinguished.  The  final 
ending  is  when  the  rose  colour  is  jwrsistent  for  a  minute  or  two ; 
sulisequent  bleaching  must  not  be  regarded. 

The  actual  decomposition  as  between  cobaltous  cldoride  and  i>er- 
manganate  may  be  formulated  thus — 

6C0CL  +  5Hg()  +  K,Mn„(  h  +  H„0  =  3Co,{OH)6  +  SHgClj 
+  2KCl+2Mn02HjO 

but  as  this  exact  decomposition  cannot  be  depended  upon  in  all  the 
mixtures  occurring,  it  is  not  possible  to  accept  systematic  numbers 
calculated  from  normal  solutions. 

Solutions  containing  manganese,  phosphorus,  arsenic,  active  chlorine 
or  oxygen  compounds,  or  organic  matter,  cannot  be  used  in  this 
estimation;  moderate  quantities  of  copper  or  lead  are  of  no  consequence. 
Nor  is  antimony  when  its  quantity  is  doiible  or  more  thau  the  cobalt, 
but  if  left  the  results  are  too  high. 

A  further  modification  of  this  method  was  advocated  by  voii  Rein 
and  Wiggert,  and  possesses  the  advantage  of  being  easy  and  simple  in 
execution,  ^'e^y  fair  results  were  obtained  by  H.  B.  Harris  on  trial 
at  the  same  time  as  the  examination  of  Winkler's  method. 
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Method  of  Pbocsdcre  :  The  solution  of  cobalt  is  miied  with  nn  emulsion 
of  ziuc  oxide  and  heated  to  twiUng.  A  staniiard  solution  ot  i>ennangaiiate 
ia  then  added  in  known  qimnlitj,  but  more  than  enough  to  precipitate  the 
oxidized  cobalt.  The  latter  precipitate  settles  to  the  bottom,  the  excess  ot 
penna[i|{anate  is  then  found  by  titration  nith  a  aUndard  solution  ot  ferrous 
ammonium  sulpluite. 

R.  L.  Taylor  (C.  A'„  Ixxxviii.  184)  Iibb  experimented  on  Roue's  method  of 
iie)>aratin^  cobalt  from  nickel,  and  haK  improved  it  by  using  a  perfectly  neutral 
solution  iiialead  of  a  strongly  acid  solution  m  used  by  Rose;  the  latter 
neutralized  the  solution  by  calcium  or  barium  carbonate,  but  the  Co;  so 
produced  retarded  or  altogether  stopped  the  precipitation  n[  the  cobalt  oxide. 
By  the  new  process  the  roiult  it>  that,  a  dilute  neutral  solution  of  cobalt 
may  be  quantitatively  precipitated  by  bwium  or  calcium  carbonate  in  presence 
of  bromine  water.  If  (he  liquid  from  which  the  cobalt  Ik  to  be  precipitated  is 
acid,  the  acid  must  be  neutralised  by  an  excess  of  carbonate  and  well  boiled  to 
expel  all  the  Co,,  and  then  cooled  before  the  bromine  water  is  added.  Not  only 
Coj  but  sine  also  stopti  the  precipitation. 

The  composition  ot  the  black  oxide  is  not  quite  clear,  hut  it  is  fairly  constant 
in  composition,  and  if  dissolved  with  HCl  and  KI  the  amount  is  ascertained  by 
titmling  the  liberated  iodine.  The  method  has  been  tested  by  J.  H.  Davidson 
in  the  assay  of  cobalt  ores,  and  he  finds  it  much  mure  rapid  thau  the  usual  methods 
and  sufficiently  accurate  for  asKay  purposes. 

COFFEB. 


1  c.f.  "/,(,  sylution  =  0-0063  gin.  Cu. 

Iron  X  1-12!)  =Cii. 

Doulile  Iron  Salt  >i  0-1607  =  Cii. 
1.  Beduotion  by  Qrape  Sugar  and  aubsequent  titration 
vitii  Ferric  Chloride  and  Permanganate  (Sohwarz). 
§  58.  This  jiroceHs  is  Iwseil  upon  the  fact  that  grajie  suf^r 
pretipilatca  cu[>ruus  oxiile  from  an  alkaline  solution  of  the  metal 
contaiiiiiia  tartaric  acid ;  tlie  oxiile  so  obtained  is  collected  and 
mixed  witli  ferrit;  cliloride  and  hj-drochloric  acid.  The  result  is  tfie 
following  deeoiiii>ositioii : — 

Cu.fi  +  Fe^Cla  +  2HC1  =  2CwCla  +  SFeCl^  +  II^( ). 
Each  equivalent  of  i;o]j[Kir  reduces  otie  equivalent  of  ferric  to  ferrous  . 
chloriile,  which  w  estimated  liy  permanj^nate  with  due  precaution. 
TJie  iron  bo  obtained  is  calculated  iuti>  copper  by  the  requisite  factor. 
Method  of  Pbotedi'be:  The  weighed  sulwtance  is  brought  into  solution  by 
nitric  or  siilphurio  acid  or  water,  in  a  porcelain  dish  or  ghiss  flask,  and  mont  of 
the  acid  in  exccKS  saturated  with  sodium  carbonate;  neutral  potaiisium  tarlntte 
ia  then  added  in  not  too  large  quantity,  and  the  precipitate  so  produced  diswlved 
to  a  clear  blue  liquid  by  adding  causl'ic  potash  or  soda  in  excess ;  the  vessel  is 
next  heated  cautiously  to  about  5i>°  C.  iu  the  water  bath,  and  sufficient  grape 
sugar  added  to  precipitate  the  copper  present;  the  heating  is  continued  until  the 
precipitate  is  of  a  bright  red  colour,  and  the  upper  liquid  is  brownish  at  the  edges 
from  the  action  of  the  alkali  on  the  su)^r;  the  heat  must  never  exceed  90°  C. 
When  the  mixture  hn'  somewliat  cleared,  the  upper  tloid  is  poured  through 
a  moistened  filter,  and  afterwards  the  precipitate  broup;ht  on  the  same,  and 
washed  with  hot  water  till  thoroughly  clean  ,  the  precipitate  which  may  adhere 
to  the  dish  or  flask  is  well  washed,  and  the  filter  containing  the  bulk  ot  the 
protoxide  put  with  it,  and  an  exceosof  solution  of  ferric  chloride  {free  from 
nitric  acid  or  free  chlorine)  ailded,  together  with  a  little  sulphuric  acid;  the 
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wbole  is  then  warned  aud  stirred  until  the  cuprous  chloride  ie  all  diggolved.  It  w 
then  Uttered  into  a  good-siged  flask,  the  old  aud  new  Alters  being  both  well  washed 
with  hot  wat«r,  to  which  at  first  a  little  free  sulphuric  acid  should  be  added,  in 
order  lo  be  certain  of  dissolving  all  the  oiide  in  the  folds  of  the  paper.  The 
entire  solution  is  then  titrated  with  permanjJiaDate  in  the  usual  way.  Bichromate 
may  alao  be  used,  but  the  end  of  the  reaction  is  not  so  distinct  as  usual,  from  the 
turbidity  produced  by  the  presence  of  copper. 

A  luodifjcatioii  of  this  permanganate  method,  which  gives  very  good 
technical  results,  has  been  devised  by  R.  K.  Meade  {J.  Aiii.  C.  S.  xx. 
No  8),  in  which  the  co|>])er  is  precipitated  as  thiocyauate.  The  author 
considers  it  superior  in  accuracy  to  the  iodide  methoil ;  but  with  this 
I  cannot  agree,  except  in  certain  cases. 

Mm'HOD  OF  Procedcbe  :  The  copper  is  brought  into  solution  as  a  sulphate, 
either  by  dissolving  it  in  sulphuric  acid  or  evaporation  of  its  solution  with 
sulphuric  ncid.  The  (greater  part  of  the  free  acid  is  neutralized  by  ammonia,  the 
solution  warmed,  sulphurous  acid  added  until  the  solution  smells  strongly  of  the 
reagent,  and  then  a  allj^ht  excess  of  ammonium  or  potassium  thiocyanate.  The 
copper  is  immediately  precipitated  as  cunroas  thiocyanate.  Stirring  and 
warming  renders  the  precipitate  heavy  and  eaiily  handled.  The  solution  is 
filtered  through  asbestos,  using  the  pump,  and  well  washed.  The  precipitate 
and  filter  are  tlironn  int«  the  beaker  in  which  the  precipitation  nns  made  and 
heated  with  a  solution  of  caustic  soda  or  caustic  potash.  Double  substitution 
take*  place.      Hydrated   cuprous  oxide  and  potassium  or  sodium  thiocyanate 

2CuSCN  +  2KOH-Cuj(OH),+  2KSCN. 

The  oxide  is  filtered  on  asbestos  and  washed  well  with  hot  water.  The 
precipitate  and  filter  are  ^-ain  placed  in  the  same  beaker  aud  an  excess  of  ferric 
chloride  or  ferric  sulphate  (free  from  nitric  acid,  free  chlorine,  or  ferrous  salts), 
together  with  a  liltle  dilute  sulphuric  acid,  added.  The  copper  oxide  reduces 
a  corresponding  amount  of  iron  from  the  ferric  to  the  ferrous  condition — 
Cu30  +  FE,a,^■2HCl  =  2CuCl,  +  2FeCI,  +  HJO. 

The  beaker  is  warmed  and  stirred  milil  all  the  copper  oxide  is  dissolved.  The 
wlution  is  then  poured  through  a  perforated  platinum  disk,  and  the  asbestos 
which  stays  behind  upon  it  washed  with  wat«r,  t*t  which  has  been  added  a  little 
sulphuric  acid  and  a  little  ferric  chloride  or  sulphate.  The  solution  is  then 
titrated  with  permanganate.  The  iron  equivalent  to  the  permanganate  used 
multiplied  by  ri35  gives  the  weight  of  oopper  in  the  sample. 

Instead  of  sulphurouji  acid,  ammonium  or  sodium  bisulphite  may  be  used  to 
reduce  llie  copper.  A  solution  of  equal  weights  of  sodium  bisulphite  and 
potassium  thiocyanate  answeti  well  as  a  rragent  for  the  precipitation  of  the 
metal.  Since  copper  is  the  only  metal  precipitated  by  an  alkaline  thiocyanate 
from  ail  acid  solution,  the  presence  of  arsenic,  antimony,  bismuth,  zinc,  and  other 
materials  which  render  the  electrolytic,  the  cyanide,  and  tlie  iodine  method 
inaccurate,  will  not  affect  the  results. 

The  caustic  alkali  solution,  u«d  to  convert  the  cuprous  thiocyanate  into 
cuprous  hydroxide,  must  not  be  too  strong,  or  some  of  the  metal  will  go  into 
solution,  colouring  the  liquid  blue.  About  a  half  normal  solution  of  cao-stic 
potash,  made  by  dissolving  28  gm.  of  the  salt  in  a  liter  water,  is  a  convenient 
strength.  Either  ferric  sulphate  or  ferric  chloride  may  be  used  to  dissolve  the 
cuprous  oxide.  The  former  is  probably  tile  safest,  but  the  latter  appears  to 
dissolve  the  precipitate  the  more  readily  of  the  two. 

2.    Beductiou  by  Zinc  and  aubaequent  titration  with  Ferric 
Chloride  and  Permanganate  (Fleitmann). 

The  metallic  Kolutioii,  free  from  nitric  acid,  bi.smutli,  or  lead,  is 
precipitated  with  clean  sticks  of   pure  zinc;   the  copper   collected, 
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washed,  and  dissolved  in  a  mixture  of  ferric  chloride  and  hydrochloric 
acid;  a  little  sodium  carlxtnate  may  be  added  to  expel  the  atmoH|)lieric 
air.     The  reaction  ia — 

Cu  +  FejClg  =  CuClj  +  2FoCl^ 

When  the  copper  is  all  dissolved,  the  iiolution  ix  diluted  and 
titi&ted  with  ]>ermang9nftte  ;  56  Fe  =  3r5  Cii. 

If  the  original  sohition  contains  nitric  acid,  bismutli,  oi*  lead,  the 
decomposition  by  zinc  must  take  place  in  an  amuioniacal  solution,  from 
which  the  precipitates  of  either  of  the  above  metals  have  been  removed 
by  filtration ;  the  zinc  must  in  this  case  be  finely  divided  and  the 
mixture  wanned.  The  cap|)er  is  all  precipitated  when  the  colour  of 
the  solution  has  disappeared.  It  is  waslied  first  with  hot  water,  then 
with  weak  HCl  and  water  to  remove  the  zinc,  again  with  water,  and 
then  dissolved  in  the  acid  and  ferric  chloride  as  before. 

S.    Estimation  as  Cuprous  Iodide. 

This  excellent  method  is  based  on  the  fact  that  when  potassjuiu 
iodide  is  mixed  with  a  salt  of  copjter  in  acid  aolution,  cuproiis  iodide 
is  precipitated  as  a  dirty  white  powder,  and  iodine  set  free.  If  the 
latter  is  then  immediately  titiated  with  thio3ul])liate  and  starch,  the 
corresponding  quantity  of  copjier  is  found. 

The  solution  of  the  metal,  if  it  contain  nitric  acid,  is  evat)orated 
with  sulphuric  acid  till  tlie  former  is  expelled,  or  the  nitric  acid 
is  neutrfdized  with  sodium  carbonate,  ami  acetic  acid  added ;  the 
sulpliatc  solution  must  lie  neutral,  or  only  faintly  acid ;  excess  of  acetic 
actd  is  of  no  consequence,  and  therefore  it  is  always  necessary  to  get 
rid  of  all  free  mineral  acids  and  work  only  with  free  acetic  acid. 

J.  W.  Westmoreland  (X  S.  C.  I.  v.  51),  who  has  had  very  lai^ 
experience  in  examining  a  variety  of  copper  products,  and  has  worked 
the  process  in  my  own  laboratory,  strongly  recommends  it  for  the 
estimation  of  copjier  in  its  \'arious  ores,  ete.  The  metal  may  very 
conveniently  be  se-iiarated  from  a  hot  siilpliuric  acid  solution  by 
sodium  tbiosulphatc  :  this  gives  a  flocculent  precipitate  of  subsuiphide 
mixed  with  sulphur,  which  filters  readily,  and  can  l)e  ivashed  with 
hot  water.  Arsenic  and  antimony,  if  present,  are  also  precipitated  ; 
tin,  zinc,  iron,  nickel,  cobalt,  and  manganese  are  not  precipitated. 
On  igniting  the  precipitate  most  of  the  arsenic  and  the  excess  of 
sulphur  is  ex]>elled,  an  impure  subsuiphide  of  copper  Wing  left. 
Sulphuretted  hydn^en  may  of  course  be  used  instead  of  the  thio- 
sulpliate,  but  its  use  is  objectionable  to  many  operators,  l>eside  which, 
under  some  circumstances,  a  small  amount  of  copper  remains  in  th<! 
solution,  and  moreover  iron  in  small  quantity  is  also  precipitated  with 
the  copper,  and  cannot  be  entirely  removed  by  washing.  If  H^S  is 
used  it  sliould  be  passed  for  some  time,  and  the  precipitate  allowed  to 
stand  a  few  hours  to  settle — after  filtration  and  washing  the  CuS 
sliould  bo  redissolved  in  HNO.,  and  reprecipitated  with  the  gas,  it  is 
then  quite  free  from  iron. 

Standardizing  the  Thiosulphate  Solution.— This  may  be  done 
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on  pure  electrotype  copper,  Ijut  this  is  not  always  to  be  had  pure,  and 
the  safest  standard  ia  high  conductivity  wire,  dissolvetl  first  in  nitric 
acid,  boiling  to  expel  nitroiis  fmnea,  diluting,  neutralizing  mth  sodium 
caTbonate  till  a  precipitate  occurs,  then  adding  acetic  acid  till  clear. 
The  liquid  is  then  made  up  to  a  definite  volume,  and  a  quantity  equal 
to  about  0-5  gm.  Cu  taken  in  a  flask  or  beaker,  about  ten  times  the 
copper  weight  of  potassium  iodide  added,  and  when  dissolved  the 
thioBulphate  is  run  in  from  a  burette  until  the  free  iodine  is  nearly 
removed,  add  then  some  starch,  and  finish  the  titration  in  the  usual 
way.  Tlie  thiosulphate  will  of  course  need  to  be  checked  occasionally. 
If  strictly  ^/m  tliiosulphatc  is  useil,  each  c.c.  =O'0O63  gm.  Cu. 

Mbthod  of  Peocbdubk  :  For  estimating  the  copper  in  iron  pyrites  or  burnt 
ore  6  gm.  of  the  tniletaDoe  ahouM  be  Uken,  2  gm.  for  30-40  "/„  mattes  or  1  gm. 
for  60  %  mattes,  and  with  precipitates  it  is  beet  to  dissolve  aaj  6  gm.  and  dilute 
to  a  deQaile  volume,  and  tjike  ss  much  ns  would  represent  from  0'6  to  07  gm.  of 
Cu  for  titration.  The  solutiou  is  made  with  uitric  acid,  to  which  hjdrocbloric  is 
also  added  later  on,  and  then  evaporated  to  dryness  with  excess  of  Bulphuric  acid 
to  convert  the  bases  into  sulphates  ;  the  residue  is  treated  with  warm  water  and 
any  insoluble  PbSO,.  etc..  filtered  off.  The  Sltrate  is  heated  to  boiling  and 
precipitated  with  thiosulphale,  this  precipitate  is  filtered  off,  washed  with  hot 
tfater,  dried,  and  roasted  ;  the  resulting  copper  oxide  is  then  dinolved  in  nitric 
acid,  and  after  the  excess  of  acid  is  chiefly  removed  by  evaporation,  sodium 
carbonate  is  added  so  as  to  precipitate  part  of  the  copper  and  ensure  freedom 
from  mineral  acid,  acetic  acid  is  added  till  a  clear  solution  is  obtained ;  about 
ten  parts  of  potassium  iodide  io  one  of  copper,  supposed  to  be  present,  are  then 
added,  and  the  titration  carried  out  in  the  usual  way. 

A  slight  variation  of  this  method  as  used  in  America  is  described  by 
A.  H.  Low  (J.  Am.  0.  S.  xviiL  No.  5  and  xxiv.  1082).  A  solution 
of  thiosulphate  is  used,  containing  about  19  gm.  per  liter,  which  is 
standardized  upon  about  0'2  gm.  of  pure  copper  foil  dissolved  in  nitric 
acid  sp.  gr.  1-2.  6  or  7  gm.  of  crystallized  zinc  acetate  or  20  c.c 
of  saturated  solution  of  the  acetate  ore  used  in  each  estimation  to 
counteract  the  nitric  acid  used  for  dissolving  the  copper.  I  c.c.  of  it 
represents  abntit  0-005  gm.  of  copper. 

Mbtrod  of  Procedure  :  Treat  1  gm.  of  the  copper  substance  in  a  flask  of 
250  cc.  capacity  with  6  or  6  c.c.  of  strong  nitric  acia,  and  boil  60  c.c.  ^ntly. 
Then  add  5  cc.  of  bromine,  and  again  boil  till  all  nitrous  fujnes  and  bromme  are 
expelled.  As  soon  aa  the  incrusted  matter  Ims  dissolved,  add  a  slight  exoeas  of 
ammonia,  the  excess  boiled  off,  then  add  3  lo  4  o.c  of  acetic  acid  which  dissolves 
any  precipitat«d  copper  hydroxide,  after  cooling  add  3  gm.  of  KI  and  titrate 
with  thiosulphate  as  usual.  For  ores,  OS  gm,  is  treated  with  nitric  acid,  the 
decomposition  completed  with  hydrochloric  acid,  and  all  other  acids  then  expelled 
by  evaporating  with  sulphuric  acid.  After  diluting  and  filtering,  the  copper  is 
precipitated  by  means  of  aluminium,  filtered  oft,  washed, — UBing  hydrogen 
sulphide  water  during  the  u-asbing — then  dissolved  io  nitric  acid  and  bromine  na 
above,  after  which  the  titration  is  effected  as  usual.  The  aluminium  is  used  as 
follows :  —Place  in  the  beaker  two  pieces  of  sheet  aluminium,  which,  (or  the  sake 
of  convenience  in  subsequent  washing,  may  be  prepared  as  follows :— -Stout  sheet 
aluminium,  aay  about  one^iiteenth  of  an  mch  in  thickness,  is  cut  into  pieces  an 
inch  and  a  half  square,  and  then  the  four  corners  are  bent,  for  about  a  quarter  of 
an  inch,  alternately  up  and  down  at  right>*ngles.  This  pcherae  preveats  the 
pieces  from  tying  flat  against  each  other  or  upon  the  bottom  of  the  beaker,  and 
their  washing  is  thus  facilitated.  The  same  pieces  of  aluminium  may  be  used 
repeatedly,  as  they  are  but  little  attacked  each  time.  Add  5  c.c.  of  strong 
sulphuric  acid,  cover  the  beaker,  and  heat  to  boiling.     Boil  strongly  tor  about 
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seveii  minutes.  Uulem  th(!  bulk  of  tlie  solution  is  excessive,  tins  ivill  be  quite 
sufficient  irith  all  peroentaffps  of  copper.  Onliiiarily  the  aluminium  iri]l  be 
found  to  be  clean,  and  nearly  or  quite  free  from  precipitated  ropper.  If,  by 
chance,  the  copper  sdhereN  to  any  couniderable  eiteut.  it  nill  usually  beixime 
loosened  by  a  little  additional  boiling,  or  it  may  be  removed  by  tlie  aid  of  a  ^laxs 
rod.  Transfer  the  wlution  back  to  the  oriKiual  Aask,  and.  by  raeaiis  of  a  waah- 
bottle  of  hot  water,  rin»e  in  also  as  much  of  the  oopper  as  powiible,  leaving;  tlie 
aluminium  behind.  Dnin  the  beaker  as  completely  as  possible,  aud  temporarily 
set  it  aside  with  the  aluminium,  which  rosy  still  retain  a  little  copper.  Allow 
the  copper  in  the  fliuk  to  sellie,  and  then  deiaJit  Uie  liquid  throuKh  a  filter. 
A)(siu  wa»h  the  copper  similarly  two  or  three  times  witli  a  little  liot  water. 
retaining  it  as  completely  as  powible  in  the  flask.  Finally,  wash  the  filter  oiiee 
or  twice  and  endeavour  to  rinse  all  metallic  particles  down  into  the  jioiiit.  Now 
pour  upon  the  aluminium  in  tlte  beaker  6  c.c.  of  nitric  add  (Vi  sp.  ^n-.)  luid 
water,  and  wanu  the  beaker  gently,  but  do  not  heat  to  boilinj;,  as  the  aluininium 
would  be  thereby  unnecessarily  attacked.  See  that  any  copper  prment  is 
dissolved,  and  pour  the  warm  solution  through  the  filter  last  used,  thus  dii<»olviuK 
any  contained  jiarticles  of  copper,  and  receive  the  filtrate  in  Uie  flank  conlaiiiinjc 
the  main  portion  of  the  copper.  At  this  sta^^  do  not  wash  either  tlie  aluminium 
or  the  filter,  but  simply  remove  the  flask  and  set  tlie  beaker  In  its  phice  and 
proceed  as  above. 

4.    Estdmation  by  Fotassium  Oyaitide  (Farkes  and 
C.  Hohr). 

Tliin  wi'U-kiiowii  anil  imicli-iiswl  priH'esn  for  cstiiiialinji  copiw 
dejienilH  uiimi  the  decultiratitm  uf  an  amiuoiiiata!  sulution  of  cnpiHT 
by  ]H>tuAKiui]i  (-■yHiiidf.  Tlie  reaction  (wliicli  in  not  abmilutely  uiiifonu 
witli  varialili'  quantities  uf  Hiiiinonia)  is  kucIi  tliat  a  iloulilc  cymiide  iif 
co|)j*r  and  aiiiniouia  ix  formed  ;  <-yaiiogi-n  is  alsfi  Hlieratc-d,  which 
reacts  on  the  free  ammonia,  {imduciiig  urea,  oxalate  of  urea,  aiiiniouic 
cyanide  and  format^^  (Liebig).  Owing  to  the  inHueuce  exereiael  by 
variable  quantities  of  ammonia,  or  itif  neutral  salts,  ii)Min  tlie 
decoloration  of  a  to|i|ier  solution  by  the  cyanide,  it  lias  been 
fluggoated  by  Beringer  to  substitute  aoiiib  other  alkali  for 
neutralizing  the  free  ac-id  in  the  copper  solution  otiier  tlian  ammonia. 
The  suggestion  lias  Iweu  adopted  by  Davies  {C.  ,V.  Iviii.  131)  and 
by  yesBenden  (C.  N.  Ixi.  131),  who  both  recommend  sodium 
carbonate.  My  own  ex])erimentfl  tomjileti'ly  confirm  their  statement 
that  none  of  the  irregularity  touimoii  to  variable  igtiantities  of 
ammonia  or  its  salts  occurs  with  swla^or  jiotasb.  iSu]ijiose  fur 
example  that  capper  lias  been  aejiarated  as  sulphide,  and  lironght 
into  solution  by  nitric  acid,  tlic  free  nitro-siilplmric  acid  is  neutralized 
with  Ka^Co^  and  an  excess  of  it  added  to  rwlissolvc  the  iirecipitate. 
The  cyanide  solution  is  then  cautiously  ran  into  the  light  blue 
solution  tmtil  the  colour  is  .just  dischai^ed.  My  own  e.<cperieiice  is, 
that  it  is  impossible  to  redissolve  the  whole  of  the  precipitate  without 
using  a  very  large  excess  of  soda ;  but  there  is  no  need  to  add  such 
an  excess,  as  the  precijiitate  easily  dissolvi-s  when  the  c.TOuide  is 
added.  I  have  used  a  modification  of  this  method,  which  gives 
excellent  residts,  viz.,  to  neutralize  the  acid  copjier  solution  either  with 
^Xa^CO^  or  NaHO,  add  a  trifling  excess,  and  then  1  c.c.  of  ammonia 
0'96O  sp.  gr. ;  a  deep  blue  clear  solution  is  at  once  given,  which 
permits  of  verj'  sliar|)  enil-reaction  with  tlie  cyanide. 
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J.  J.  and  C.  Beringer  (C  N.  xlix.  iii.)  have  already  adopted  the 
method  of  UButralizii^  the  acid  copper  solution  with  soda,  thuii 
adding  ammonia,  but  the  proportion  they  recommend  is  larger 
tlian  necesearj'. 

In  standardizing  the  cyanide,  it  is  advisable  to  arrange  90  that 
co]ii>er  ia  precipitftted  witli  soda  exactly  as  in  the  titration  of  a  copper 
ore  ;  that  is  to  say,  free  nitric  or  nitro-sulphuric  aeid  should  l>e  added, 
then  neutralizeil  with  Klif^ht  excess  of  soda,  cleared  with  1  c.c.  of 
ammonia,  then  titrated  with  cyanide.  Large  quantities  of  nitrate  or 
eidphate  of  soda  or  jiotaah,  however,  make  very  little  difference  in 
the  quantity  of  cyanide  useil. 

It  lias  generally  been  thouKht  that  where  copper  and  iron  occur  together,  il  in 
n«cessar}'  to  Hepxnile  the  latter  before  using  the  cyanide.  F.  Field,  however, 
lias  stated  that  this  is  not  necessary  {C.  N.  i.  26) ;  and  I  can  fully  endorse  bis 
statement  that  tlie  presence  of  the  suspended  ferric  onide  U  no  hindrance  to  the 
estimatioii  of  the  copper;  in  fact,  it  is  rather  an  advantage,  as  it  acts  as  an 
indicator  to  the  end  of  the  proceirq. 

While  tlie  copper  is  In  excess,  the  oxide  possesses  a  purplisb-brown  colour,  bub 
as  this  excess  lessens,  the  colour  becomes  gradually  lighter,  until  it  is  omnge 
brown.  11  it  be  now  allowed  to  settle,  nhich  it  does  very  rapidly,  the  elear 
liquid  above  irill  be  found  nearly  colourless.  A  little  practice  in  of  course 
'XI  enable  the  operator  to  hit  the  exact  point. 


It  is  inipossihle  to  sejiarate  the  ferric  oxide  by  filtration  ivitliout 
leaving  aome  co]iper  in  it,  and  no  amount  of  washing  will  remove 
it.  For  exani|ile,  10  c.c.  of  a  copper  sohition  with  10  c.c.  of  ferric 
solution  were  directly  titrated  with  cyanide  after  treatment  with 
XaHU  in  slight  excess  and  1  c.c.  of  ammonia.  The  cyanide 
required  was  12  c.c.  Another  10  c.c.  of  the  same  copiier  and  iron 
aoiiitions  were  then  i>recipitated  with  soda  and  ammonia  in  same  pro- 
portions. This  gave  a  complete  solution  of  the  copjrer  with  the  feiTic 
oxide  sus]>ended  in  it.  The  solution  was  filtered  and  the  ferric  ox)de 
Well  washed  with  hot  water,  then  tln^  filtrate  ciioled  and  titrated  with 
cyanide,  9-5  c.c.  only  being  required.  On  treating  the  ferric  oxide  on 
the  filter  with  nitric  acid,  neutralizing  with  NallU  and  NH„  in  proper 
projiortions  exactly,  2'5  c.c.  of  cyanide  were  iwjuiied,  showing  that 
the  ferric  oxide  had  retained  20  per  cent,  of  tJie  copper. 

I  strongly  recommend  that  operators  who  have  to  deal  with  copper 
determination  upon  samples  containing  much  iron,  should  practise  tlie 
use  of  the  cyanide  methml  iu  tlie  presence  of  tlie  iron,  and  accustom 
their  eyes  to  the  exact  colour  which  the  ferric  oxide  takes  when  the 
titration  is  finished,  always,  however,  with  tliis  proviso,  tliat  the 
cyanide  solution  is  standanlized  upon  a  known  weight  of  copper  in 
the  presence  of  a  moderate  amount  of  iron. 

The  solution  of  potassium  cyanide  should  he  titrated  afresh  at 
intervals  of  a  few  ilays.  Further  details  of  this  process  are  given  in 
§  58.8. 

Uulin  {Jour.  Amur.  Cli-eiii.  Sor.  xvii.  346)  advocates  the  cyanide 
process  for  copper  ores  as  follows  : — 
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copper  in  then  precipitated  upon  aluminium  foil  u  tliere  mentioned.  Should 
CBOinium  be  prenent  it  is  hIw  precipitated  to  some  extent,  but  only  after  the 
eopper  is  thrown  donn.  ir  care  be  taken  to  stop  the  boiling  Immediately  after 
the  copper  in  precipitated,  which  a  practiBed  eye  will  readily  delect,  the  amount 
of  cadmium  precipitated  is  so  small  as  to  cause  no  eensible  error.  The  liquid 
bein|c  decanted  from  the  oopper  and  foil,  the  latter  are  washed  well  with  hot 
water,  taking  care  to  lose  no  metal ;  when  quite  clean,  dilute  nitric  acid  is  added 
»nd  boiled  till  the  oopper  is  dissolved,  the  liquid  then  neutralized  with  eiceas  o( 
ammonia,  and  titrated  with  cyanide  in  the  uaual  way, 

6.    EBtimatlon  as  Sulphide  (Felouse). 

It  is  fiwt  necessary  to  have  a  sohition  of  pure  copper  of  known 
stitugth,  whieli  is  best  moiJe  by  dissolving  39'523  gm.  of  pure  cupric 
sulphate  in  1  liter  of  water ;  each  c,c.  will  contain  Oi)!  gm,  Cu. 

Preoipitation  In  Alkaline  Solution. — This  process  is  based  on 
the  fact  that  if  an  amnioniacal  solution  of  copper  is  heated  to  from 
40°  to  80°  C.,  and  a  solution  of  sodium  sulphide  added,  tlie  whole  of 
the  copper  is  precipitated  as  oxysujpliide,  leaving  tJie  liquid  colourless. 
The  loss  of  colour  indicates,  therefore,  the  end  of  the  process,  and 
tliis  is  its  weak  point.  Special  practice,  however,  will  enable  the 
opftrator  to  hit  the  exact  point  closely. 

Casamajor  (C.  jV.  xlv.  167)  uses  instead  of  ammonia  the  alkaline 
tartrate  solution  same  as  for  Fehliu);;,  adding  a  slight  excess  so  as  to 
make  a  clear  blue  solution.  Tlie  addition  of  the  sulphide  gives  an 
intense  black  brown  precipitate,  which  is  stirred  vigorously  till  clear. 
The  copper  sulphide  agglomerates  into  curds,  and  the  rea^jpnt  is  added 
until  no  further  action  occurs  with  a  drop  of  the  sodium  sutjihide. 
Thia  modification  can  also  be  used  for  lead.  PbSO^  is  easily  soluble 
in  the  tartrate  solution,  and  can  be  estimated  by  the  sodium  sulphide 
in  the  same  way  as  cujiper, 

Tlie  colour  of  the  sohition  is  not  regarded,  but  the  clotty 
precipitate  of  sulphide,  wliich  is  easily  cleared  by  vigorous  stirring. 
Very  good  results  may  be  gaineil  by  this  modification. 

Copper  can  also  be  lirst  8ej>arated  by  glucose,  or  as  thiocyanate 
(Kivot),  then  dissolved  in  HNO,,  and  treated  with  the  tartrate, 

Preoipitation  in  Add  Solution, — The  copper  solution  is  placed 
in  a  small  stoppered  flask  of  tolerable  size  (400  or  500  c.c,),  freely 
acidified  with  hydrochloric  acid,  then  diluted  with  about  200  c,c, 
of  hot  water. 

The  alkaline  sulphide  is  then  delivered  in  from  a  burette,  the 
stopper  replaced,  and  the  mixture  well  shaken ;  the  precipitate  of 
copper  sidphide  settles  readily,  leaving  the  sujiernatant  liquid  clear ; 
fresh  sulphide  solution  id  then  at  intervals  added  until  no  more 
precipitate  occurs.  The  calculation  is  the  same  as  in  the  ease 
of  alkaline  precipitation,  but  the  copjier  in  precipitated  as  pure 
sulphide  instead  of  oxyaiilphide, 

e.    Estimation  by  Stannous  Chloride  CWell). 

This  process  is  l>ased  on  the  fact,  that  a  solution  of  a  cupric  salt  in 

lai^e  excess  of  hydrochloric  acid  at  a  boiling  heat  shows,  even  when 
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the  smallest  trace  ia  present,  a  greenish-yellow  colour.  H  to  such 
a  solution  Btaimous  chloride  is  addeil  in  minute  excess,  a  colourless 
cuprous  chloride  is  produced,  and  the  loss  of  colour  indicates  the  end 
of  the  process. 

2CuClj  +  SnClj  =  CujCLj  +  SnCl^. 

The  cliange  is  easily  distinguishable  to  the  eye,  but  shoidd  any 
doubt  exist  as  to  whetlier  stannous  chloride  is  in  excess,  a  small 
portion  of  the  solution  may  be  teateil  with  mercuric  chloride.  Any 
precipitate  of  calomel  indicates  the  presence  of  stannous  chloride. 

The  tin  solution  is  prepared  as  describetl  in  §  37.2. 

A  standard  copper  solution  is  made  by  dissolving  pure  copper 
sulphate  in  distilled  water,  in  the  proportion  of  39'52.1  gm.  per 
Iiter=  10  gra.  of  Cu. 

Hetbod  of  Procedure  for  Cop|)er  alone.—io  c.e.  of  the  copper 
solution  — O'l  gm.  of  Cu  are  put  ldIo  a  vrfiile-gltisB  flssk,  25  c.c,  of  pure  gtrong 
hydrochloric  acid  added,  placed  on  a  rand-bath  and  brought  to  boiling  heat ;  the 
tin  Bolution  is  then  quicMy  delivered  in  from  a  burette  until  the  colour  is  nearly 
destroyed,  finallj'  a  drop  at  a  time  till  the  liquid  is  as  colourlesB  as  distilled  water. 
No  oxidation  will  take  place  during  the  boiling,  owing  to  the  fUuk  being  filled 
with  acid  vapours, 

A  sample  of  copper  ore  i>  prepared  in  the  UBiial  nny  by  treatment  with  nitric 
acid,  which  ie  afterwards  removed  by  evaporating  with  eutphuric  acid.  Silica, 
lead,  tin,  silver,  or  arsenic,  are  of  no  consequence,  as  when  the  solution  is  diluted 
with  water  to  a  definite  volume,  the  precipitates  nf  tbe«e  substances  settle  to  the 
bottom  of  the  messuriDg  flask,  and  tne  clear  liquid  may  be  taken  out  tor  titration. 
In  case  sntimonic  acid  ia  present  it  will  be  reduced  with  the  copper,  but  on 
eiposing  the  liquid  for  a  mjibl  in  an  open  basin,  the  copper  will  be  completely 
re-oxidized  but  not  the  antimony ;  a  second  titration  will  tnen  show  the  amount 
of  copper. 

Method  of  Procedure  for  Ores  containing  Copper  and  Iron. 

—In  the  case  of  copper  ores  where  iron  is  also  present,  the  quantity  of  tin 
solution  required  wilt  of  course  represent  both  the  iron  and  the  copper.  In  this 
case  n  second  titration  of  the  original  solution  is  made  with  zinc  and  perman- 
ganiite,  and  the  quantity  w  found  ia  deducted  from  the  total  quantity;  the 
amount  of  tin  solution  corresponding  to  copperis  thus  found. 

Example:  A  solution  was  pregnred  from  10  gni.  of  ore  and  diluted  to 
260  cc;  10  c.c.  required  26-75  c.c.  of  tin  solution  whose  strenffth  was  16-2  CO. 
for  O'l  gm.  of  Cu. 

10  CO.  of  ore  solution  were  diluted,  warmed,  zinc 
reduction  was  complete,  and  the  solution  titrated  i 
quantity =0'0809  gm.  of  Fe. 

The  lelative  strength  of  the  tin  solution  to  iron  is  I8-34c.c,  =  0'l  gm.ot  Fe: 

63        ;         5«         =0-1     ;     0'0888. 

therefore  O'l  gm.  of  Cu^O-OSWgro.  of  Fe  =  16*2  c.c.  of  SnClj 
whence     O'OSHH     :    O'l  =  16*2     :     18'34 
thus         0-0809  Fe  (found  above)  =  UH37  c.c.  of  SnCl; 
0-1      :     0OW>3  =  18-34     :      U-837  hence 

Iron  and  copper  —     SB'ToO  c.c.  SnCl. 

Subtiaa  for  iron  =     li-837 

Leaving  for  Copi>er  11-913 

10  cc.  of  ore  solution  therefore  contained  16^  :  01  :  :   11-013=00735  gm.  of 
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Cu,  and  m  10  gta.  of  ore=-260c.c  coiitwned  l-»87  k"u.  of  Cii  =  18*87  per  cent 
An»lj»i8  by  weight  as  a  control  gave  18-34  per  cent.  Cu. 
Pe  volumetricallj-  20'25  per  oent,,  by  weijjht  2010  per  cent. 

The  method  is  8|iecially  ftiiapteii  for  tlio  technical  aiialysia  of 
fehl-ores. 

7.    Volhard's  method. 

The  necessary  standard  solutions  are  described  hi  g  43.  Each  c.c. 
of  •'/lo  thiocyanate  represents  0-0063  gm,  Cn. 

Uktrod  of  Puocbdurb  :  The  copper  in  sulphuric  or  nitric  acid  solution  is 
eT»ponit«d  to  remove  eJoew  of  acid,  or  if  the  scid  is  small  in  quantity  neutralised 
witn  sodium  carbonate,  washed  into  n  300  c,c,  flask,  and  enoujrli  aqueous  solution 
ot  SO,  add«il  to  disHolve  the  traces  of  basic  carbonate  and  Itave  a  distinct  nnell 
ot  SO,.  Heat  to  boiling,  and  run  in  from  a  burette  the  thiocj-anate  until  the 
addition  produces  do  change  of  colour,  add  3  or  4  c.c,  and  note  the  entire 
quantity,  alloir  to  oool,  fill  to  mark,  and  shake  well.  100  c.c.  are  then  filtered 
tQtough  a  dry  filler,  10  c.c.  of  ferric  indicator  with  wme  nitric  acid  added,  then 
titrated  with  "/lo  silver  till  colourless :  then  attain  thiocyanate  till  the  reddish 
colour  occurs.  The  volume  of  silver  solution,  less  tlie  final  correction  with 
thiocyanate,  deducted  from  the  orj^nal  thiocyanate,  will  give  the  volume  of  (he 
latter  required  to  precipitate  the  copper. 

The  process  ia  not  accurate  in  jiresence  of  Fe,  Ag,  Hg,  CI,  I  or  Br. 

8.    TecImioBi  Ezamination  of  Copper  Ores  (Steinbeck's 
ProoeBB). 

In   1S67  the  T>ireutors  of  the    Mansfield   Copper   Mines   offered 

a  premium  for  the  best  method  of  examining  these  ores,  the  chief 

conditions  being  tolerable  accuracy,  simplicity  of  working,  and  the 

.    possibility  of  one  operator  making  at  least  eighteen  assays  in  the  day. 

The  fortunate  comiM-titor  was  Ih'.  Steinbeck,  whose  procejis 
satisfied  completely  the  requirements.  Tlie  whole  rejiort  is  contained 
in  Z.  a.  0.  viii.  1,  and  is  also  translated  in  C.  N.  xix.  181.  The 
following  is  a  condensed  ivfuvif:  of  the  process,  the  final  titration  of 
the  copiter  being  uceoniplislied  l»y  ]>otassiuni  cyanide  as  iu  §  58.4. 
A  very  convenient  arrangement  for  filling  the  burette  with  standard 
solution  where  a  series  of  analy^js  has  to  be  made,  and  the  burette 
continually  emptied,  is  shown  in  fig.  43  ;  it  may  be  refilled  by  simply 
blowing!  utx)n  the  surface  of  the  liquid. 

(a)    The  extraction  of  the  Copper  tram  the  Ore.— 5  gm.  of 

Wlverised  ore  are  put  into  a  Qask  with  from  40  to  50  c.c.  of  h3'drocfaloric  acid 
(specific  Kravitj  1'16).  whereby  all  carbonates  are  converted  into  chlorides,  while 
carbonic  acid  is  expelled.  Aftera  while  there  is  added  to  the  fluid  in  the  flask 
6  cc.  of  a  special  nitric  acid,  prepared  by  mixing  equal  bulks  of  water  and  pure 
nitric  acid  of  1'3  sp.  gr.  A.«  regards  certain  ores,  however,  ai>ecially  met  with  in 
the  district  of  Mansfield,  some,  harinj;  a  very  high  percenla;:^  of  sulphur  and 
bitumen,  have  to  be  roasted  previous  (o  beii^  subjected  to  this  process;  and 
others,  again,  require  only  1  c.c.  ot  nitric  acid  instead  of  6,  The  flask  containing 
the  assay  is  digested  on  a  sand-bath  for  lialf  an  hour,  and  the  contents  boiled  for 
about  fifteen  minutes ;  after  which  the  whole  of  the  copper  occurring  in  the  ore, 
and  all  other  metals,  are  in  solution  as  chlorides.  The  blackish  residue,  consisting 
of  sand  and  schint,  has  been  proved  by  numerous  experiments  to  be  either  entirely 
free  from  aopi)er,  or  to  contain  at  the  most  only  ODl  to  0'03  per  cent. 
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(i)  Separation  of  the  Copper. —Tlie  Mlution  ot  metallic  and  euthy 
cbloridea,  and  some  free  HC1,  obtained  as  just  described,  is  separated  by  filtration 
from  the  insoluble  residue,  and  the  fluid  run  into  a  covered  Wker  of  xbout  100 
c.c.  capocit;.  In  this  besker  a  rod  of  metallic  zinc,  weighing  about  60  gm.,  has 
been  previously  placed,  fastened  to  a  piece  of  atout  platinum  foil.  The  sine  to 
be  used  for  this  purpcne  should  be  as  much  as  possible  free  from  le&d,  and  at  any 
rat«  should  not  contain  more  than  from  O'l  to  0'3  per  cent,  of  the  latter  metal. 
The  precipitation  of  the  copper  in  the  metallic  Htat«  sets  in  already  during  the 


Fig,  43. 

filtration  of  the  warm  and  concentrated  fluid,  and  is,  owing  especially'  also  to  the 
entire  absence  of  nitric  acid,  completely  finished  in  from  half  to  three-quarters 
of  an  hour  after  the  beginning  of  the  BUration.  If  the  fluid  be  tested  nith  SH^ 
no  trace  of  copper  can  or  should  be  detected ;  the  spongy  metal  partly  cover" 
the  platinum  foil,  partly  floats  about  in  the  iiquid,  and  in  case  either  the  ore 
itself  or  the  zinc  applied  in  tlie  experiment  contained  lead,  small  quantities  of 
that  metal  nill  accompany  the  precipitated  copper.  After  the  excess  of  zinc  (for 
an  excess  must  aln^ys  be  employed)  has  been  removed,  the  metal  is  repeatedly 
and  carefullj'  washed  by  decantation  with  fresh  water,  and  care  taken  to  collect 
together  every  particle  of  the  spongj-  mass. 

(c)  Estimation  of  the  precipitated  Copper.— To  the  spongy 
metallic  mass  in  the  beaker  glass,  wherein  the  platinum  roil  is  left,  since  some  of 
the  metal  adheres  to  it,  H  c.c.  of  the  special  nitric  acid  are  added,  and  the  copper 
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dJSMlTed  by  the  aid  of  modente  heat  in  the  fonn  of  cupric  nitrate,  which,  in 
the  event  of  any  imall  quantity  of  lead  beinj;  present,  will  of  course  be 
contaminated  with  lead. 

When  copper  ores  are  dealt  with  oontaininK  above  6  per  cent,  of  copper,  which 
may  be  approiimately  estimated  from  tbe  bulk  of  the  spon^  tUMS  of  precipitated 
metal,  16  c.c,  of  nitric  acid,  inntend  of  6,  are  applied  for  dissolving  tbe  metal. 
The  solution  thu«  oblaitied  is  left  to  <!ool,  and  next  mixed,  immetUately  before 
titration  with  cj^anide,  with  10  c.c.  of  special  solution  of  liquid  ammonia, 
prepared  by  dilutinfc  1  volume  of  liquid  ammonia  (sp.  ^r.  0'93)  witli  2  volumes 
of  distilled  wal^r. 

The  titration  with  eyimide  is  conducted  as  described  in  J  5B.4. 

In  the  case  of  such  ores  as  yield  over  6  per  cent,  of  copper,  and  when  a  double 
quantity  of  nitric  acid  has  consequently  been  used,  the  wlution  is  diluted  with 
water,  and  made  t«  occupy  a  bulk  of  100  c.c. ;  this  bulk  is  then  exactly  divided 
into  two  portions  of  60  c.c.  each,  and  each  of  these  separately  mixed  with  10  cc. 
of  ammonia,  and  the  copper  therein  volumetrically  det*'nnined.  The  deep  blue 
coloured  solution  only  contains,  in  additioii  to  the  copper  compound,  ammonium 
nitrate;  any  lead  which  might  have  been  dissolved  nnvinK  been  precipitated  aa 
hydrated  oxide,  which  does  not  interfere  with  tbe  titration  with  cyanide.  The 
solution  of  the  last-named  E<aU  ix  so  arranged,  that  I  c.c  thereof  exactly  indicates 
0006  irm.  of  copper  (about  21  gm,  of  tbe  pure  salt  per  liter).  Since,  for  every 
as»ay,6  gro.  of  ore  liave  been  taken,  1  c.c.  of  the  titration  fluid  is  equal  to  O-I 
percent,  of  copper,  it  hence  follows  tW,  by  multlplyii^c  the  number  of  c.c.  of 
cyanide  solution  u!ied  to  make  the  blue  colour  of  the  copper  wlution  disappear 
by  01,  the  percentage  of  copper  contained  in  the  ore  is  immediat(>ly  ascertained. 

Steinbeck  tested  tliia  method  8|)ecially,  in  oriler  to  see  wliat 
influence  is  exercised  thereujwii  by  (1)  aiumonimii  nitrate,  (2)  caustic 
aininonia,  (3)  lead.  The  copper  used  for  the  experimeuts  for  tlils 
jmriwse  was  yiuia  metal,  olitained  by  (talvanic  action,  and  was  ignited 
to  destroy  any  organic  matter  which  might  accidentally  adhere  to  it, 
and  next  elesnet!  by  placing  it  in  dilute  nitric  acid.  5  gni.  of  this 
metal  were  placed  in  a  liter  flask,  and  ilissulved  in  266'6  c.c.  of  3]>ecial 
nitric  acid,  the  flask  gently  heated,  and,  after  (\>oling,  tlie  contents 
diluted  with  water,  and  tlitia  brought  to  a  bulk  of  1000  c.c.  30  c.c. 
of  this  solution  were  always  applied  to  titrate  one  and  the  same  solution 
of  cyanide  under  all  circumstances.  When  5  gm.  of  ore,  containing 
on  an  average  3  per  cent,  of  copi>er,  are  taken  for  assay,  that  ({iiantity 
of  copper  ia  exactly  equal  to  O'lSO  gm.  of  the  chemically  pure  copper. 
The  quantity  of  nitric  acid  taken  to  di*iolve  5  gm.  of  jiure  copjwr 
(266-6  cc.)  was  imriioaely  taken,  so  as  to  correspond  with  the  quantity  of 
8  c.c.  of  special  nitric  acid  which  is  ajiplieil  in  tlie  assay  of  tlie  copper 
olitained  from  Llie  ore,  and  this  quantity  of  acid  i^<  exactly  met  with  in 
30  c.c.  of  the  solntion  of  ]»ure  copjwr. 

Tlie  influence  of  double  quantities  of  ammonium  nitrate  and  free 
caustic  ammonia  (the  quantity  of  copper  remaining  the  same)  is  shown 
as  follows  :— 

(a)  30  c.c.  of  tlie  normal  solution  of  copier,  containin«  exactly  0160  gm.  of 
copper,  were  rendered  alkaline  nith  10  c.c.  of  «]ie<'ial  qmnionia,  and  wer«  found 
to  require,  for  entire  decoloration,  29'8  c.c.  of  ciTinide.  A  second  experiment, 
again  Hith  30  c.c.  of  cop|ier  solution,  and  otherwine  under  identically  the  same 
conditions,  re<iuired  2911  c.c.  of  c;-anide.     The  averatie  is  2SHo  c.c. 

(A)  When  to  30  c.c.  of  the  copper  solution,  first  8  c.c.  of  special  nitric  acid 
are  added,  and  then  20  c.c.  of  special  ammonia  instead  of  only  8,  wliereby  tbe 
quantity  of  free  ammonia  and  of  ammonium  nitrate  is  double  what  it  was  in  the 
case  nf  a,  there  is  required  of  the  sviDie  cyanide  300  c.c.  tti  produce  decoloration. 
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A  repetition  of  the  eiperimeut,  exactly  under  the  game  conditions,  g»ve  30'4  c.c. 
of  the  cTanide ;  the  average  is,  tberefore,  30'36  cc.  The  difference  amounts  to 
only  (y05  per  cent,  of  copper,  which  may  be  allowed  for  in  the  final  calcuhition. 

When,  however,  large  quantities  of  amiaoniacal  salts  are  present  in 
the  fluid  to  be  assayed  for  copper,  by  means  of  cyanide,  and  eapecially 
when  ammonium  carbonate,  sidphate,  and  worse  etill,  chloride  ate 
aimidtaneoualy  present,  these  salts  exert  a  very  disturbing  influence.* 
The  presence  of  lead  in  the  copper  solution  to  be  assayed  has  the  effect 
of  producing,  on  tlie  addition  of  10  c.c.  of  normal  ammonia,  a  milkiness 
with  the  blue  tint ;  hut  this  does  not  at  all  interfere  with  the  estima- 
tion of  the  copper  by  means  of  the  cyanide,  provided  the  lead  be  not 
in  great  excess ;  and  a  sliglit  milkiness  of  the  solution  even  promotes 
the  visibility  of  the  approaching  end  of  the  operation. 

Steinbeck  purposely  made  some  experiments  to  test  this  point,  and 
his  results  show  tl^t  a  moderate  quantity  of  lead  has  no  influence. 

Experiments  were  also  carefully  made  U>  ascertain  the  influence  of 
zinc,  the  result  of  which  showed  tliat  up  to  5  per  cent,  of  the  copper 
present,  the  zinc  had  no  disturbing  action;  but  a  considerable  variation 
occurred  as  the  percentage  increased  above  that  proiwrtion.  Care  must 
therefore  always  be  taken  in  washing  the  spongy  copper  precipitated 
from  the  ore  solution  by  means  of  zinc. 

The  titration  must  always  take  place  at  ordinary  temperatures, 
since  heating  the  ammoniacal  solution  while  under  titration  to  40°  or 
45°  C.  considerably  reduces  the  quantity  of  cyanide  required. 

9.    Estimation  of  Copper  by  Colour  Titration. 

This  method  can  be  adopted  with  very  accurate  results,  as  in  tlie 
case  of  iron,  and  is  available  for  slags,  poor  cupreous  pyrites,  waters, 
etc.  (see  Carnelly,  C.  K.  xxxii.  308). 

The  I'eagent  used  is  tlie  same  as  in  the  case  of  iron,  viz.,  potassium 
ferrocyaoide,  which  gives  a  jiurple-brown  colour  witli  verj'  dilute 
solutions  of  copper.  This  reaction,  however,  is  not  so  delicate  as  it  is 
with  iron,  for  1  part  of  the  latter  in  13,000,000  parts  of  water  can  be 
detected  by  means  of  potassium  ferrooyanide ;  while  1  part  of  copjier 
in  a  neutral  solution,  containing  ammonium  nitrate,  can  only  be 
detected  in  2,500,000  parts  of  water.  Of  the  coloured  reactions  whicli 
copper  gives  with  different  reagents,  thoiw  with  suljihuretted  hydrogen 
and  potassium  ferrocyanide  are  by  far  the  moat  delicate,  both  showing 
their  respective  colours  in  2,500,000  parts  of  water. 

Of  the  two  reagents  sulphuretted  hydrogen  is  the  most  delicate;  but 
potassium  ferrocyanide  has  a  decided  advantage  over  sulphuretted 
hydrogen  in  the  fact  tliat  lead,  when  not  present  in  too  large  quantity, 
does  not  interfere  with  the  deptli  of  colour  obtained,  whereas  to 
sulphuretted  hydrogen  it  is,  as  is  weU  known,  ^'ery  sensitive.f 


.OO^^  IC 


198  VOLUMETHIC  ANALYSIS.  §  58. 

And  though  iron  if  present  would,  without  special  precaution  being 
taken,  prevent  the  determination  of  copper  hy  means  of  ferrocyanide ; 
yet,  by  the  method  as  described  below,  the  amounts  of  these  metals 
contained  together  in  a  solution  can  be  eatimateil  by  this  reagent. 

Ammonium  nitrate  renders  the  reaction  nmch  more  delicate  ;  other 
salts,  as  ammonium  chloride  and  potassiiun  nitrat«,  liave  likewise  the 
same  effect. 

Tlie  methwl  of  analysis  consists  in  the  comparison  of  thepurple- 
hrown  colours  produced  by  adding  to  a  solution  of  potassium  ferrocyanide 
^firat,  a  solution  of  copper  of  known  strength ;  and,  secondly,  the 
solution  in  which  the  copper  is  to  lie  determined. 

The  solutions  and  materials  required  are  as  follows  ; — 

(1)  Standard  copper  solution. — Prepared  by  dissolving  0'395  gm, 
of  pure  CtiHOj,  SHjO  in  one  liter  of  water.     1  c.c.=01  m.gm.  Cu. 

(2)  Solution  of  ammonium  nitrate. — Made  by  dissolving  100  gm. 
of  the  salt  in  one  liter  of  water. 

(3)  Potassium  ferrocyanide  aohition — 1  ;  25. 

(4)  Two  glass  cylinders  holding  ratlier  more  than  150  c.c.  each,  the 
point  equivalent  to  that  volume  being  marked  on  the  glass.  They 
must  both  be  of  the  same  tint,  and  as  colourless  as  possible. 

A  burette,  graduateil  to  y'j  c.c.  for  the  cop|ier  solution ;  a  5  c.c. 
pipette  for  the  ammonium  nitrate;  and  a  small  tiibe  to  deliver  the 
ferrocyanide  in  drops. 

Method  OF  Pbocedube:  Fiie  dropn  of  the  potassium  feirocyitoide  are 
placed  in  each  cylinder,  and  then  a  ineosured  quantity  of  the  neutral  solution  in 
which  the  copper  is  to  be  determiued  is  placed  into  one  of  them,  and  both  filled 
up  to  the  mark  with  distilled  waler,  5  c.c.  of  the  ammonium  nitrate  solution 
added  to  each,  and  then  the  standard  copper  solution  ran  gradnally  into  the 
other  till  the  colours  in  both  cylinders  are  of  the  same  depth,  the  liquid  being 
well  stirred  after  each  addition.  The  number  of  e.c.  used  are  then  read  off. 
Each  cc.  correspondii  to  O'l  m.|tm.  of  copper,  from  which  the  amount  of  copper 
in  the  solution  in  question  can  be  calculated. 

The  solution  in  which  the  coi)per  is  to  lie  estimated  must  he  neutral ; 
for  if  it  contain  free  acid  the  latter  lessens  the  dejith  of  colour,  and 
changes  it  from  a  purjile-brown  to  an  earthy-brown.  If  it  should  be 
acid,  it  is  rendereil  slightly  alkaline  with  ammonia,  and  the  excess  of 
the  latter  got  rid  of  by  boiling.  The  solution  must  not  bo  alkaline,  as 
the  brown  coloration  is  soluble  in.  ammonia  and  decomposed  by  potash 
or  soda;  if  it  be  alkaline  from  ammonia,  this  is  remedied  as  before  liy 
Iwiling  it  off;  while  free  jratash  or  soda,  shoidd  they  be  present,  are 
neutralized  by  an  acid,  and  the  latter  hy  ammonia. 

Lead,  when  present  in  not  too  large  quantity,  lias  little  or  no  effect 
on  the  accuracy  of  the  method.  The  precipitate  obtained  on  adding 
jxitassiuni  ferrocyanide  to  a  lead  salt  is  white  ;  and  this,  except  when 
present  in  comparatively  large  quantity  with  respect  to  the  copper, 
does  not  interfere  with  tlie  comparison  of  the  colours. 

When  copper  is  to  be  estimated  in  a  sohition  containing  iron,  the 
following  method  is  adopted  : — 

A  few  drops  of  nitric  acid  are  added  to  the  solution  in  order  to  oxidize  the  iron, 
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tbe  liquid  evaporated  to  a.  sm&n  bulk,  uid  the  imn  precipitated  by  smmonu. 
Eveo  when  very  small  quantitiee  of  iron  are  prereut,  thie  lan  be  done  easily  and 
completely  if  there  be  only  a  very  small  quontitir  of  fluid.  The  precipitate  of 
ferric  oxide  is  then  filtered  off,  wanhed  once,  dmolved  in  nitric  acid,  and  re- 
precipitated  by  ammonia,  filtered  and  waehed.  The  iron  precipitate  is  non  free 
from  copper,  and  in  it  the  iron  can  be  estimated  by  dissolving  in  nitric  acid, 
making  the  solution  nearly  neutral  with  ammonia,  and  determining  the  iron  by 
the  method  in  §  64.4.  The  flltrale  from  the  iron  precipitate  is  boiled  till  tbe 
ammonia  is  completely  driven  oft,  and  the  copper  estimated  in  the  solution  no 
obtained  as  already  described- 

When  the  aolution  containing  copper  is  too  dilute  to  give  any 
coloration  directly  witli  ferrocvaiiide,  a  measured  quantity  of  it  must 
be  evaporated  to  a  small  bulb,  and  filtered  if  necessary;  and  if  it 
eontain  iron,  also  ti'eated  as  alreaily  described. 

Li  the  determination  of  copper  anil  iron  in  water,  for  which  the 
method  is  3|>ecially  applicable,  a  measured  quantity  is  evaporated 
to  dryness  wth  a  few  drops  of  nitric  acid,  ignited  to  get  rid  of  any 
organic  matter  that  might  colour  the  liquid,  dissolved  in  a  little  boihng 
water  and  a  drop  or  two  of  nitric  acid  ;  if  it  is  not  all  soluble  it  does 
not  matter.  Ammonia  is  next  added  to  precipitate  the  iron,  the  latter 
Altered  off,  'Hashed,  re-dissolved  in  nitric  acid,  and  again  precipitated 
by  ammonia,  filtered  olT,  and  washed.  The  filtrate  is  added  to  the 
one  previously  obtained,  the  iron  estimated  in  the  precipitate,  and  the 
copper  in  the  united  filtrates. 

There  is  in  use  at  several  copper  works  what  is  known  as  Heines 
"blue  test,"  that  is  an  animoniacal  solution  of  copper,  but  the  difficulty 
has  been  to  keep  strictly  correct  staiidanls  for  com[>arison  except  they 
are  freshly  made.  (1.  L.  Heath  {J.  Am.  C.  S.  xix.  21)  has  solved 
this  difficulty  by  making  the  standard  from  copper  suipliate  instead  of 
nitrate. 

Method  of  FsocGnvBE :  About  0'3  gm.  of  pure  copper  is  dissolved  in  6  c.c. 
each  of  nitric  acid  (sp.  gr.  1'4)  and  sulphuric  Held  (np.  gr.  I'84).  Evaporate 
taretnlly  till  funie.f  of  the  latter  acid  »re  given  off.  When  cold  dissolve  in  25  c.c. 
of  water  and  add  ammociia  in  sufficient  excess  to  givE  a  clear  solution.  This  is 
then  diluted  with  weak  ammonia,  about  1  :  6,  and  graduated  so  that  eich  c.c. 
shall  represent  O0025  gm.  Cu.  Standards  can  then  be  made  up  so  that  200  c.c. 
diluted  with  the  weak  ammonia  shall  contain  from  01  to  1'3  gm,  of  Cu.  The 
5t*nd»rds  are  kept  in  tall  well-stoppered  cylinders  of  white  glass  marked  at 
200  CO.  and  kept  cool  and  free  from  sunlight  and  last  a  long  time. 

The  method  is  generally  in  use  for  lean  blast  furnace  sUgs.  such  as  contain  a 
good  deal  of  iron,  and  alumina,  and  lime.  The  method  for  thete  samples  ia  as 
follows  :^2'0  gm.  of  the  finely  ground  material  are  heated  in  a  porcelain  dish  with 
15  c.c.  of  nitric  acid,  and  after  adding  5  c.c,  of  sulphuric  acid  tlie  evaporation  is 
continued  until  the  mass  has  become  a  thick,  but  rather  sofl,  paste ;  it  is  then 
treated  with  TO  c,c.  of  water  to  dissolve  the  copper  sulphate,  and  30  c.c.  of 
ammonia  are  added.  The  liquid  is  filtered,  and  the  residue  after  being  twice 
wished  with  ID  c,c.  of  dilute  ammonia  (1  :  Ifl).  is  rinsed  back  Into  t&  dish, 
using  60  c.c.  of  water,  taking  care  not  to  damage  the  filter,  and  enough  sulphuric 
acid  is  added  to  redissolve  the  iron  and  alumina;  £5  cc.  of  ammonia  are  again 
added,  and  the  filtrate  and  amnioniacal  wssbings  are  mixed  with  the  main  filtrate, 
which  is  then  transferred  to  one  of  the  tall  cylinders  of  thin,  colourless  glass,  and 
made  up  with  dilute  ammonia  to  300  cc.  The  colour  of  the  liquid  is  compared 
with  those  of  a  seri(«  of  copper  sohitions  of  known  strength  contained  in  similar 
cylinders.  The  colour  is  b^t  seen  by  placii^  the  sample  and  standard  cylinder 
in  front  of  a,  window,  and  with  a  piece  of  white  paper  behind  them, 
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CYANOG-EIT. 

CS  =  26. 
1  C.C.  •'/lo  sUver  solution  =  0-0052  gin. 

„  „  =  0-0054  gm. 

Hydrocyanic  acid. 
„  „  «0-01303gm. 

Potassium  cyanide, 
»    "/io  iodine  fwlution  =  0-003255  gm. 

Potassium  cyanide. 

1.    By  Standard  Silver  Solution  (Iiiebig). 

§  69.  TuiB  ready  and  accurate  method  of  estimating  cyanogen  in 
prassio  acid,  alkaline  cyanides,  etc.,  was  discovered  by  Liebig,  and  is 
fully  described  in  Ann.  der  C}tem.  und  Phami.  Ixxvii.  102.  It  is 
based  on  the  fact  that  when  a  solution  of  silver  nitrate  is  added  to 
an  alkaline  solution  containing  cyanogen,  with  constant  stirring,  no 
permanent  precipitate  of  silver  cyanide  occurs  until  all  the  cyanogen 
has  combined  with  the  alkali  and  the  silver,  to  form  a  soluble  double 
salt  (in  the  presence  of  potash,  for  eKain]>lc,  KCy,  AgCy).  If  the 
slightest  excess  of  silver,  over  and  above  the  quantity  required  to  form 
this  combination,  be  added,  a  permanent  precipitate  of  silver  cyanide 
occurs,  the  double  compound  being  destroyed  If,  therefore,  the  silver 
solution  be  of  known  strength,  the  quantity  of  cyauc^en  present  is 
easily  foimd;  1  eq.  of  silver  in  this  case  being  equal  to  2  eq.  cyanogen. 

So  fasf  is  this  double  combination,  that,  when  sodium  chloride 
is  present  no  iwrmaneut  precipitate  of  silver  chloride  occurs,  until 
the  quantity  of  silver  necessary  to  form  the  compound  is  slightly 
overstepped. 

Siebold,  however,  has  pointed  out  tliat  this  process,  in  the  case  of 
free  hydrocyanic  acid,  is  liable  to  serious  errors  unless  the  foUo\ving 
precautions  are  observed  ; — - 

(a)  The  solution  of  sodium  or  potassium  hydrate  should  be  placed  in  the 
beaker  first,  and  the  hydrocj-auic  acid  added  to  it  from  a  burette  dipping  into  the 
alkali.  It,  instead  of  this,  the  acid  ie  placed  in  the  beaker  first,  and  the  alkaline 
hydrate  added  afterwards,  there  may  ba  a  slight  loss  by  evaporation,  which 
becomes  appreciable  wheDsver  there  is  any  delay  iu  the  addition  of  the  alkali. 

(i)  The  miiture  of  hydrocjanic  acid  and  alkali  should  be  largely  diluted  with 
water  before  the  silver  uilnle  is  added.  The  most  suitable  proportion  of  water  is 
from  ten  to  twenty  timee  the  volume  of  the  oQIciiial  or  of  Scheele'sactd.  With 
such  a  degree  of  dilution,  the  final  poiut  of  the  reactiou  can  be  ohserted  with 
gre&ter  precision, 

(c)  The  amount  of  alkali  u^ed  should  be  as  exactly  as  possible  that  required 
for  the  conversion  of  the  hydrocyanic  acid  inl«  alkaline  cyanide,  as  an  in- 
sufficiency or  an  excess  both  affect  the  accuracy  of  the  result.  It  is  advisable  to 
make  first  a  rough  estimation  with  excess  of  soda  as  a  guide,  then  finish  with  a 
BolutioQ  as  neutral  as  possible.  As  a  guide  to  the  neutrality,  or  rather  the  slight 
amount  of  alkaliuity  of  tbe  solution,  a  little  indicator  CfB  may  be  used,  which 
Kives  a  red  colour  with  alkaline  hydroxides,  but  is  not  acted  upon  by  HGy  or 
alkaline  cyanides, 

L.  W.  Andrews  {G.  X.  Ixxxviii.  239)  lias  devised  another  method 
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for  the  estimation  of  hydrocyanic  acid  and  cyanides  which  rei^uires  the 
following  aolutioiis  i- — 

1  <or  Bodinm) 

,    ,  ,  ic  chloride,  conUunlng  about 

40  gm.  of  the  pure  re-orystolli/ed  salt  per  litre.  The  ejwct  Btren^h  of  this 
solution  need  not  be  known;  e,  ■  Batiirated  solution  of  pure  paiKoitropbenol  in 
mter.  Thi«  U  to  be  preferred  to  the  solution  in  alrohol  often  recommended  as 
an  indicator.  The  aqueoua  solution  keeps  indefinitely  In  the  light  or  in 
the  dark. 

To  determine  hydrocyanic  aoid  or  a  simple  cyanide,  dilute  the  solution  till 
it  contains  not  more  than  about  1  per  cent,  of  hydrocyanic  acid  and  add  2 
drops  of  nitrophenol  solution.  If  this  imparta  a  yellow  colour,  add  deci- 
normal  hydrochloric  acid  until  the  colour  has  all  but  disappeared  ;  if  it  is 
colourless,  add  decinormal  potassium  hydroxide  till  the  Eulution  shows  a  Tery 
pale  yellow.  Now,  add  an  eioess  of  the  mercuric  chloride  solution  (usually 
15  or  20  cc),  stir  and  allow  to  stand  tor  one  hour  at  the  tempemture 
of  the  air. 

EXAMPLB :  A.  solution  of  hydrocyanic  acid  which  bad  by  gravimetric  analysis 
been  found  to  contain  340  per  cent.,  was  analyzed  by  the  above  method.  For 
that  purpose,  50  c.c.  were  measured  by  a  pipette  into  a  500  c.c.  Sask,  Sited  to  the 
mark,  and  shaken.  Five  c.c.  of  this  solution  were  mixed  with  10  c.c.  of  an 
approximately  decinormal  mercuric  chloride  solution,  allowed  to  stand  for  an 
hour,  and  then  titnted  as  deaoHbed.  Required.  630  c.c.  of  »/io  KOII, 
equivalent  to  001704  gm.  of  hydrocyanic  acid,  or  3'408  per  cent,  found. 

For  estimation  of  cyanides  in  the  presence  of  a  chloride,  GatehonBc 
adopts  the  following  method  : — 

Measure  out  a  definite  amount  of  the  solution  containing  the  cyanide  and 
chloride.  Bun  into  it  from  a  burette  a  decinormal  solution  of  AgNOj,  until 
a  permanent  turbidity  appears.  At  this  stage  of  the  process  each  c.c.  ot 
A^riO)  solution  which  has  been  used  will  correspond  to  0'01303S*gm.  of 
KCN.  Note  the  reading  of  the  burette,  and  run  into  the  solution  the  same 
vulnme  of  silver  solution  as  was  required  to  form  the  permanent  precipitate, 
and  again  note  the  reading.  From  this  point  the  AgNOi  added  is  used  in 
precipitating  the  chloride.  Then  add  a  few  drops  of  KjCrO,  iioiution  free 
from  chloride,  and  judging  the  end  of  the  reaction  by  the  appearance  ot  the 
dark  red  silver  chromate,  estimate  the  chloride  in  the  usual  manner. 

Caution.— In  uaing  the  pijiBtte  for  measuring  hydrocyanic  acid,  it  is 
advisable  to  insert  a  plug  of  cotton  wool,  slightly  moistened  witli  aih'ev 
nitrate,  into  the  upper  end,  so  as  to  avoid  the  danger  of  inhaling  any 
of  the  acid ;  otherwise  it  is  decidedly  preferahle  to  weigh  it. 

2.    By  Standard  Uerourio  Chloride  (Hannay). 

This  convenient  metliod  ia  fully  described  by  the  author  (J.  C.  S. 
1878,  245),  and  is  well  adajjted  for  tiie  teclmical  examination  of 
commercial  cyanides,  etc.,  giving  good  results  in  the  presence  of 
cyanates,  sulphocyanatea,  aikaHne  salts,  and  compounds  ot  ammonia 
and  silver. 

The  standanl  solution  of  mercury  is  made  by  dissolving  13'537  gni. 
HgClj  in  water,  and  diluting  to  a  liter.  Each  c.c.=0'00651  gm.  uf 
potassium  cyanide  or  0'0026  gm.  Cy. 
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and  the  mercuric  Bolution  CAUtiouitly  added  with  conataat  stirrinK  until  a  bluish- 
white  opalescence  is  permanently  ptoduced.  With  pure  substances  the  reaotioQ 
i»   very   delicate,   but  not   ho   accurate   with    impure   mixtures   occurring  in 


3.    By  Iodine  (FordOB  and  Q-elis). 

Tliis  process,  which  ie  princijially  applicable  to  alkaline  cyanides, 
(lepeniU  on  the  fact,  that  when  a  solution  of  iodine  is  added  to  one 
of  potassium  cyanide,  the  imline  loses  its  colour  so  long  as  any 
imdecomposed  cyanide  remains.  The  reaction  may  l>e  expresseJ  by 
the  following  fimnnla : — 

CyK  +  3I=IK  +  lCy. 
Therefore,  2  eq,  iodine  represent  I  eq.  cyanogen  in  combination ;  so 
tliat  1  c.c.  of  "/lo  iodine  expresses  the  half  of  nrJini  ^-  cyanogen  or 
its  compounds.     The  end  of  the  reaction  is  Icnown  by  the  yellow 
colour  of  the  ioiline  s<Jution  becoming  penuanent. 

Commercial  cyanides  are,  however,  generally  contaminated  with 
caustic  or  monocarbonate  alkalies,  which  wotUd  equally  destroy  the 
colour  of  the  ioiHne  as  the  cyanide;  consequently  these  must  be 
converted  into  bicarbonates,  t>est  done  by  adding  carbonic  acid  water 
(ordinary  soda  water). 

EsAKPLB :  5  gm.  of  potassium  cyauide  were  weighed  and  dissolved  in  500  cc. 
water;  then  10  c.c.  (=01  gm.  cyanide)  taken  with  a  pipette,  diluted  with  about 
1  liter  of  water,  100  c.c.  of  soda  water  added,  then  ^/lo  iodine  delivered  from  the 
burette  until  the  solution  possessed  a  slijuht  but  permauent  yellow  colour: 
26-5  c.c.  were  required,  which  multiplied  by  00032.')5  gave  0-08300  gm.  instead 
of  O'l  gw.,  or  83  per  cent,  real  cyanide.     Sulphides  must  of  course  be  absent. 

4.    By  ^  Silver  and  Chromate  Indicator. 

Vielhaber  {ArrA.  Phann.  [3]  ."jiii,  408)  has  shown  that  weak 
solutions  of  prussic  acid,  such  as  bitter-almond  water,  etc.,  may  be 
readily  titrated  by  adding  magnesium  hydrate  siiRjiended  in  water 
imtil  alkaline,  adding  a  drop  or  two  of  chromate  indicator,  and 
delivering  in  "/m  silver  until  the  red  colour  ai>i>earB,  as  in  the  case 
of  titrating  chlorides.     1  c.c.  silver  solution  ^0-0027  gm.  HCy. 

ITiis  method  may  be  found  serviceable  in  the  examination  of  opaque 
solutions  of  hydrocyanic  acid,  such  as  solutions  of  bitter-almond  oil, 
etc. ;  but  of  course  the  absence  of  chlorine  must  be  insured,  or,  if 
present,  the  amount  umst  be  allowed  for. 

It  ia  preferahle  to  add  the  HCy  solution  to  a  mixture  of  inagiieo<ia 
and  chromate,  then  immediately  titrate  with  silver. 

6.    Cyanides  used  in  Oold  Extraction. 

An  interesting  series  of  papers  on  this  subject  have  been  contributed 
by  Clennell  (O.  N.  Ixxvii.  227)  and  Bettel  {vhm  286,  298).  The 
experiments  carried  out  by  these  chemists  arc  far  too  voluminous  to  be 
reproduceil  here,  but  a  short  summary  of  the  results  may  be  acceptable 
for   the  technical  examination  of   the  original  sohitioris   and    their 
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nature  after  partial  ilecom{K«Jtion  and  admixture  with  zinc  and  other 
impurities  whiuh  naturally  occur  in  the  processes  of  gold  extraction. 
The  results  of  both  chemists  point  to  the  fact  that  the  estimation  of 
cyanide  in  the  weak  siolutiona  used  in  the  MacArthur-Forrest 
process  is  much  hampered  hy  zinc  double  cyanide,  by  thiocyanates, 
also  by  ferro-  and  ferricyanidea,  together  with  organic  matters  which 
occur  in  the  liquors  after  leaching  the  ores.  According  to  Clenneli 
the  presence  of  ferrocyanides  gives  too  high  a  result  when  the  silver 
|>rucess  of  Liebig  is  used,  but  is  not  of  much  consequence  unless  the 
cyanide  is  relatively  small  as  compared  with  the  ferrocyanide ;  witli 
the  iodine  (wocess  the  interfereuce  of  ferrocyanide  is  much  less,  and 
very  fair  technical  results  may  be  obtained  in  the  presence  of  both 
ferro  and  ferri  aaits  by  this  process.  The  silver  process  appears  to  l>e 
fairly  serviceable  where  the  quantity  of  ferrocyaniile  is  not  too  large ; 
the  reddish  precipitate  which  fonns  at  first  from  the  ferri  salt  is  soluble 
in  the  presence  of  excess  of  cyanide,  and  a  definite  end-reaction  can  he 
obtained.  Thiocyanates  render  the  silver  proceiis  useless,  but  do  not 
interfere  with  the  iodine  process.  Ammonium  carbonate  interferes 
with  the  silver  process  unless  potassium  iodide  is  added  so  a.*  to  i^oduce 
silver  iodide,  which  ia  insoluble  in  the  ammonia  salt.  Ferrocyanides, 
in  the  absence  of  other  reducing  agents,  may  be  accurately  estimated, 
as  in  g  60.1;  the  ])resence  of  cyanides  and  ferricyanides  does  not 
seriously  interfere.  Ferricyani<les  may  be  estimated  as  in  §  60.2; 
ferrocyanides  do  not  seriously  interfere,  but  cyanides  render  the  results 
somewhat  low.  These  remarks  apply  to  aohitions  not  complicated  by 
admixture  of  zinc  or  other  matters  which  naturally  occur  in  the  cyanide 
liquors  after  they  have  been  in  contact  with  the  ore.  For  th«  actual 
methotls  which  have  been  found  useful  in  examining  the  tisual  cyanide 
liquors  the  following  processes,  devised  by  Bettel,  are  given  not  as 
being  absolutely  correct,  but  sufficiently  ao  for  technical  pur]>oaes,  and 
occupying  little  time  in  the  working  :— 

It  is  neceamrj'  to  itUte  at  the  ouUet  tint  the  following  remarks  have  reference 
to  the  MscArthur-ForreBt  working  solutions  containing  zinc,  an  element 
which  complicatea  the  analysis  in  ■  truly  surprising  mamier.  BeFore  dealing 
with  the  analysis  proper,  attention  is  drawn  to  the  peculiarities  of  a  solution  of 
the  double  cyanide  of  zinc  and  potassium,  usually  written  K^nCy^.  As  is  stated 
in  works  oa  chemistry,  tliis  cyanide  is  alkaline  to  iiidioitors,  Non  here  lies  the 
peculiarity.  To  pheuolphlhalein  the  alkalinity,  as  tested  by  ^/lo  acid,  is  equal 
to  ie-5  parts  of  cyanide  of  potassium  out  rf  a  possible  l3Cr2  parts.  With 
methyl  orange  ss  indicator,  the  whole  of  the  metallic  cyanide  may  be  decomposed 
hj  '*/io  aeid,  as  under  ;  — 

MnCy,  +  4HCI  =  ZnClj  +  2Ka  +  4HCy. 

On  titration  with  silver  nitrate  solution  the  end-reaction  is  painfully  indefinite. 
If  caustic  alkali  in  excess  (a  few  c.c.  normal  soda)  be  added  to  a  known  quantity 
of  potassium  zinc  cyanide  solution  together  with  a  few  drops  of  potassium  iodide, 
and  standard  silver  solution  added  to  opalescence,  the  reaction  will  indicate 
sharply  the  total  cyanogen  present  in  the  double  cyanide  eren  in  the  presence  of 
ferrocyanides.  If  to  a  solution  nf  potassium  zinc  cyanide  be  added  a  small 
quantity  of  ferrocyanide  of  potassium,  and  the  silver  solution  added,  the 
(locculent  precipitate  of  what  is  supposed  to  be  normal  line  ferrocyanide 
(ZnjFeCyt)  appears,  the  end-reaction  is  fairly  sharp,  and  indicate*  lO'S  parts  of 
potoasiuni  cyanide  out  of  the  actual  molecular  contents  of  llKr2  ECy.     it.  how- 
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eier,  an  eioees  of  ferrocysntde  be  present,  the  flocculent  precipiUte  does  not 
appear,  but  in  ita  place  one  gels  an  opalescence  which  apeediij'  turns  to 
a  finely  ^nnular  (sametimes  tilimj)  precipitate  of  potamium  zinc  fern>c<ruiide 
KjZnaFejCyii.  This  introduces  a  personal  equatioo  into  the  analjHis  of  such 
ft  solution,  for  it  the  silver  solution  b«  added  rapidly  the  results  are  higher  than 
if  added  drop  by  drop,  as  this  feirocyaiiide  of  zino  and  potassium  separates  out 
slowly  in  dilute  solutions  alkaline  or  neutral  to  litmus  paper. 

For  the  estimation  of  free  hydrocyanic  acid  use  is  made  of  Siebold's 
ingenious  method  for  estimating  alkalies  in  carbonates  and  bicarbonates,  by 
reversing  tlie  procete,  adding  bicarbonate  of  soda,  free  from  carbonate,  to  the 
solution  t«  be  titrated  for  hydrocj'anic  acid  and  free  cyanide.  This  is  the  one 
instance  where  hjrdrocyanic  acid  turns  carbonic  acid  out  of  its  combinations,  and 
as  such  is  interesting. 

2KHCO,+  AgNO,  +  2HCy-KAgCy,+  KNOj  +  2CO,  +  3H:0. 

The  methods  of  analysis  are  as  follows : — 

1.  Free  CSyanide.— so  c.c.  of  solution  are  taken  and  titrated  with  silver 
nitrate  to  faint  opalescence  or  first  indication  of  a  flocculent  precipitate.  This 
will  indicate  {if  sufficient  terrocyanide  be  present  to  Form  a  flocculent  precipitate 
of  zinc  ferrocyanide)  the  free  cyanide,  and  cyanide  equal  to  7'9  per  cent,  of  the 
poUssium  sine  cyanide  prei^nt. 

W.  J.  Sharwood  (J.  Am.  C.  S.,  1897,  400-434),  after  criticising  the  various 
processes  in  use,  recommends  the  following  Etcheme.  To  the  solution  containing 
the  cyanogen,  5  c.c.  of  ammonia  and  2  c.c.  of  a  5  per  cent,  solution  of  potassium 
iodide  are  added,  and  then  standard  solution  of  silver  nitrate  until  a  faint, 
permanent  cloudiness  is  produced.  If  the  solution  contains  sulphides  in  smalt 
amount,  6-10  c.c,  of  a  solution  made  by  dissolving  0'5  gm.  of  iodine  and  2  gm. 
of  potassium  iodide  in  100  c.c.  of  water  is  used  in  place  of  the  potassium  Iodide, 
but  a  special  check  should  be  made  in  such  case.  If  the  amomil  of  sulphide  is 
larRe,  it  must  be  removed  by  means  of  a  solution  of  sodium  plumbite ;  an  aliquot 
part  of  the  filtrate  is  then  titrated. 

If  zinc  is  present,  a  large  excess  of  alkali  should  be  added ;  in  this  case,  the 
cyanogen  found  represents,  not  only  the  potassium  cvanide,  but  also  the  double 
zinc  compound.  By  estimating  the  zinc,  the  amount  of  free  potassium  ci'anide 
may  be  readily  calculated,  as  I  |iart  of  sine  cortespondif  with  4  parts  of  potassium 
cyanide.  A  similar  allonance  must  be  made  if  small  quantities  of  copper  are 
present.  If  calcium,  magneifiuni,  or  manganese  are  present,  ammonium  chloride 
must  be  added,  whilst  soda  is  used  in  presence  of  aluminium  or  lead. 

For  technical  purposes,  it  is  best  to  pre]«re  a  silver  nitrate  solution  containing 
rSOSgn).  of  this  salt  per  100  c.c;  taking  samples  of  10  c.c.  each,  1  c.c.  of  the 
silver  represents  0*1  per  cent,  of  potassium  cyanide. 

2.  HydrooyaniO  Aoid.— To  50  c.c.  ot  the  solution  add  a  solution  of 
alkaline  bicarbonate,  free  from  carbonate  or  excesii  of  carbonic  acid.  Titrate  as 
for  free  cyanide.     Deduct  the  firat  from  the  second  result 

=  HCj  1  c-c.  AgNOa=?^^^-0-00829  °,„  HCy. 

3.  Double  Cyanides.^ Add  eice^  of  normal  caustic  i>oda  to  50  c.c.  of 
solution  and  a  few  drops  of  a  10  per  cent,  solution  of  KI,  titrate  to  opalescence 
withAgNO,.  This  gives  1,  2,  and  3.  Deduct  I  and  2  =  K^nCy,  as  KCy  lew 
79 per  cent. 

A  correction  is  here  introduced.  The  KCj  found  in  3  is  calculated  to 
KjZnCy,.  Factor:  KCy  (as  KjZnCy,)  xO-9423  =  K^nCy,.  Add  to  this  7-3 
per  cent,  of  total,  or  for  eveir  92'1  parts  of  KaZnCv,  add  7'9  parts.  If  this 
fraction,  calcuUted  back  to  KCy,  be  deducted  from  1,  the  true  free  cj-anide 
(calculated  to  KCy)  is  obUined, 

4.  Ferrocyanides  and  Thiooyanates. — In  absence  of  ort;anic 
matters  it  is  found  that  an  acidified  solution  of  a  simple  cyanide,  such  as  KCy, 
or  a  double  cyanide  (as  KjZnCy,),  i.e.,  solution  of  HCy,  is  not  affected  by  dilute 
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pemuuiganate.  On  the  other  hand,  acidified  solutions  of  ferrocyanidee  and 
sulphocyanides  are  rapidly  o:(idiied — the  one  to  terrocyanide,  the  other  to 
H^O.  +  HCy. 

It,  now,  the  ferrocyanogen  be  removed  as  Prussian  biue,  by  ferric  chloride  in 
an  acid  solution,  the  filtrate  vill  contain  ferric  aad  hydric  tliiocyaiiat«,  both  of 
which  are  oxidized  by  perniaDgaual«  aa  if  iron  were  not  present;  bydeducttnjf 
the  smaller  from  the  larger  result,  we  gel  the  permanganate  consumed  in 
oxidizing  ferrocyaiiide,  tb<!  remainder  equals  the  permaiigBJiat«  consumed  in 
oxidizing  thiocyanate. 

The  method  of  titration  is  as  follows  (in  presence  of  zinc) : — A  burette  is  filled 
with  the  cyanide  solution  for  analysis,  and  run  inl«  10  or  20  c.c.  '^/loo  K^MnjOg 
strongly  acidified  with  HgSO,  until  colour  is  just  discharged.     Uesult  noted  (a), 

A  solution  of  ferric  sulphate  or  chloride  is  acidified  with  H^O^  and  60  c.c. 
of  the  cyanide  solution  poured  in.  Aft«T  shaking  for  about  half  a  minute,  the 
Prussian  blue  is  separated  from  the  liquid  by  filtration,  and  the  precipitate  and 
filler-paper  washed.    The  filtrate  is  next  titreted  with  "/ido  K,MDjOg  (b). 

Let  c— c.c.  permanganate  required  to  oxidize  ferrocyanide. 

Then  a-b  =  e. 

(c)    1  CO.  ^loo  KjMnjO6=(K)03684  gm.  K,PeCyi. 

(i)     I  C.C.  w/ioo  K,Mn5O,  =  0'00016l8  gm.  KCNS. 

e.  Oxidizable  Or^tilo  Matter  in  Solution.— In  treating  spruit 
tailings,  or  material  containing  decaying  vegetable  matter,  the  following  method 
is  used  for  testing  coloured  solution. 

(n)     Prepare  a  solution  of  a  tbioGyanate,  so  that  1  e.c.  =  m/ioo  K,Mn,Og. 

{b)  To  GO  c.c.  solution  add  sulphuric  acid  in  excess,  and  then  a  large  excess 
of  permanganate,  ^/loo  Keep  at  60-70°  C.  for  an  hour.  Then  cool  and  titrate 
back  with  the  KCNS  solution. 

Result  O  consumed  in  oxidizing  organic  matter. 

„    O         „  „         KjPeCy,. 

,      „     O         „  „         KCNS.  ■ 

After  estimating  KCNS  and  K^FeCyg,  a  simple  calculation  gives  the  oxygen 
to  oxidize  oi^nic  matter.  This  result  multiplied  by  Q  will  give  approximately 
the  amount  of  organic  matter  present. 

In  order  to  clarify  such  organically  charged  solutions,  they  are  shaken  up 
witli  powdered  quicklime  and  filtered  ;  the  solution  is  then  of  a  faint  stniw 
colour,  and  is  in  a  proper  condition  for  analysis.  In  such  clarified  solution  the 
oxidizable  orgnnic  matter  is  no  longer  present,  and  the  estimations  are  readily 
performed, 

6.  Alkalinity. — Potassium  cyanide  acts  as  caustic  alkali,  when  neutralized 
by  an  acid;  the  end-reaction,  however,  is  influenced  to  some  extent  by  the 
hydrocyanic  acid  present,  and  is  therefore  not  sharp.  It  is  possible,  however, 
to  estimate  — 

%  ''ill  S  Ki-rf  SVcy.  ■'    :::  1  ^''^  pi-'-in""™  -  i-^^-- 

By  x/io  acid  the  KjO  in  ZnKiO,         ...      With  phenolphthalein  as  indicator. 

It  from  adding 


Bicarbonates  have  no  action  upon  potassium  or  sodium  zinc  cyanide. 
Potassium  or  sodium   zinc  oxide  (in  solution  as  hydrate)  acts  as  an  alkali 
towards  phenolphthalein  and  methyl  omnge, 

ZnKjO,  +  *HCl  =  2KC!  +  ZnCl.  +  2HsO. 
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Calcium  and  majciiesiuin  hydrates  decompose  the  double  salt  of  KjZnCy,  to 
Botne  extent,  but  not  completely,  so  that  it  is  powible  to  find  in  one  and  the  aame 
solution  a  considerable  proportion  of  alkalinity  towards  phenol phthalein,  due  to 
calcium  hydrate  in  presence  of  K^nCy,. 

The  total  alkalinity  as  determined  by  ^/io  acid  with  methyl  oran^  as 
indicator  gives,  in  addition  to  those  before  mentioned,  the  bicarbonalan.  If  to  a 
solution  Qonlaining  itodium  bicarbonate  and  potassium  zinc  cyanide  be  added 
lime  or  lime  and  magnesia,  the  percentage  of  cyanide  will  increase,  the  liuc 
remaining  iu  solution  as  zinc  sodium  oiide. 

Clennell  (C.  N.  Uxi.  93)  gives  a  method  for  the  approximate  estimation 
of  alkaline  hydrates  and  carbonates  in  the  presence  of  alkaline  cyanidea, 
as  follows : — 

|1)     Estimation  of  the  ci-anide  b;  direct  titration  with  silver 

(2)  Estimation  of  the  hydrate  and  half  the  carbonate  of  alkali  on  adding 

Ehenolphthalein  to  the  previous  solution  (atter  titration  with  silver)  by  "/lo 
ydrocliloric  acid. 

(3)  Estimation  of  the  total  alkali  by  direct  titration,  in  another  portion  of 
the  solution,  with  "/lo  hydrochloric  acid  and  methyl  orange, 

7.  Ferriojranide  Estimation. — This  is  effected  by  allowing  sodium 
amalgam  to  act  for  fifteeu  miuutes  on  the  solution  in  a  narrow  cylinder,  (lien 
estimating  the  terrocj'anide  formed  by  permanganate  iu  an  acid  solution.  Deduct 
from  the  results  obUined  the  ferrocyanide  and  thiocyanate  previously  found, 
1  c.c.  *'/ioo  permanganate =0-003293  gm,  KiFejCy,]. 

S.  SuIphiddS.— It  rarely  happens  that  sulphides  are  present  in  a  cyanide 
solution;  if  present,  however,  shake  up  witli  pree^Lpitated  carbonate  of  lead, 
filter,  and  titrate  with  ^/loo  permanganate.  The  loss  over  the  previous  estima- 
tion (of  K,FeCyaKCNS,  etc.)  is  due  to  elimination  of  sulphides. 

1  c,c.  ^/loo  KjMniOj=CO0O17  gm.  HjS,  or  0'00055  gra.  KjS. 


9.  Ammonift. — If  sufficient  silver  nitrate  be  added  to  a  solution  (say 
10  c.c.)  to  wholly  precipitate  the  cyan<^n  compounds  and  a  drop  or  two  of 
^li  HCl  be  added,  the  whole  made  up  to  100  c.c,  and  filtered ;  then  10  c.c. 
distilled  w*lh  about  15')  c,c.  of  ammonia  free  water  and  Nesslerized  in  the  usual 
be  ascertained. 


10.  Copper. — This  metal  appears  to  be  in  some  oases  a  i«rious  obstacle  iu 
the  working  of  cyanide  processes,  and  Clennell  has  devised  a  method  at 
estimating  it  which  gives  good  technical  results  when  not  less  than  002  gm. 
of  the  metal  ie  present  in  the  cyanide  solution  to  be  examined,  and  where 
zinc,  iron,  and  silver  are  not  pn»en(  Bulphocyaiiides  and  ammonium  mlts  do 
not  materially  interfere  (J.  S.  C.  I.  six.  U). 

Tliis  method  depends  upon  the  facts — - 

(1)  That  cyanide  of  copper  is  precipitated  trom  solutions  of  the  double 
cyanides  of  copper  by  the  addition  of  dilule  mineral  acids. 

(2)  That  hydrocyanic  and  carbonic  acids  have  little  or  uo  action  on 
methyl  orange. 

(8)  That  when  an  acid  is  added  gradually  to  a  mixture  of  a  double  c\'anide 
of  copper  with  free  alkali-metal  cyanides  vii  caustic  or  carbonated  alkalies,  no 
precijiiUtiou  of  the  copper  occurs  until  the  whole  of  the  alkalies  and  free 
cyanides  have  been  neutralized,  the  first  appearance  of  a  permanent  white 
precipitate  of  copper  cyanide  curreapoiiUing  precisely  with  the  point  at  which 
the  solution  becomes  alkaline  to  methyl  orange. 

Method  of  Pbocedcbe  :  A  measured  volume  (say  from  10  to  60  c.c.)  of 
the  liquid  to  be  tested,  which  must  l)e  perfectly  clear  and  trans{iarent,  is  placed 
in  a  100  c,c.  measuring  flask,  and  ™/io  sulphuric  acid  is  added  drop  by  drop  fn^m 
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ft  burette  with  uontiniuil  abaking  until  the  turbidity  formed  ceanes  to  disappesr, 
but  leaves  the  li^id  slightly  milky.  The  readiDg  of  the  burette  must  uow  be 
orefutly  noted.  This  point  is  in  geneml  perfectly  sharp  and  deflnite.  A  further 
quantity  of  sulphuric  acid  is  now  added,  more  than  suEGoient  to  precipitate  the 
whole  ot  the  copper.  (This  ma^  be  ascertained  if  necessar)-  by  a  preliminary 
eiperiment.  A  little  ot  the  liquid  in  Altered  off.  It  the  filtrate  gives  no  further 
precipitation  on  addition  of  more  sulphuric  acid,  and  if  it  is  distinolly  acid  to 
methyl  orange,  the  reaotJOD  may  be  considered  complete.) 

The  copper  being  throirn  down  as  a  whit«  curdy  precipitate  of  copper  cyanide, 
and  a  slight  excess  of  sulphuric  acid  being  present,  the  reading  ot  the  burette  is 
again  taken. 

The  100  c.c,  flask  is  now  filled  up  to  the  mark  with  distilled  water  and  the 
ooDtente  thoroi^hly  agitated.  The  precipitate  generally  settles  rapidly  in  a 
flocculent  condition.  Now  Biter  off  50  c.c.  of  the  supernatant  liquid,  taking 
care  to  use  a  filter-paper  free  from  iron  or  other  substances  soluble  in  acids. 

The  filtered  liquid  is  now  titiated  with  the  addition  of  a  single  drop  of  metbyl 
orange  of  0'2E  per  cent,  strength,  using  '*/to  sodium  carbonate,  until  the  pitik 
colour  chaises  to  a  scarcely  perceptible  yellonish  tinge. 

The  number  ot  c.c.  of  sodium  carbonate  used,  multiplied  by  2.  gives  us  very 
approximately  the  equivalent  of  the  excess  of  sulphuric  acid  beyond  that 
required  to  precipitate  the  copper. 

The  operationa  are  very  simple,  the  esiwiitial  points  being  to  note  carefully  the 
exact  point  at  which  permanent  precipitation  of  copper  cyanide  takes  place, 
the  amount  of  acid  added  beyond  this  point,  and  the  precise  amount  of 
sodium  carhunate  added.  The  end-point  with  methyl  orange  leaves  something 
to  be  desired  in  point  of  sharpness,  but  by  carrying  out  the  tent  exactly  as 
described  and  arranging  matters  so  that  Ihe  final  bulk  of  solution  is  about  60  to 
70  c.c,  results  may  be  obtained  which  are  mare  than  sufficiently  accurate  tor  any 
technical  purpose.  The  actual  value  of  the  "/lo  acid  on  copper  may  be 
ascertained  by  dissolving  a  known  weight  of  pure  copper  in  nitric  acid,  boiling 
to  expel  nitrous  fumes,  neutralizing  with  caustic  soda,  then  adding  cyanide 
until  a  clear  and  colourleis  solution  is  obtained,  and  titrating  with  the  acid 
as  above  described. 

Wbere  interfering  metals  are  present  it  heoomes  necessary  to  eliminate  them 
before  making  tiie  test,  and  this  would  seem  at  (itfi  night  a  serious  limitation  to 
the  usefulness  of  the  method.  Experience  with  a  large  number  of  ores  and 
tailings  has  shown  however  that,  owing  to  the  extmordinarily  rapid  action  of 
cyanide  on  copper  compounds  when  a  pure  dilute  solution  of  potassium  cyanide 
has  been  allowed  to  leach  through,  or  has  been  left  in  contact  tor  a  short  time 
with  a  sample  ot   cupriferous  ore   or  tailings,   the   liquor  drawn  off  contains 

fractically  do  other  impurity  than  the  double  cyauide  of  copper  and  potassium, 
n  all  such  cases  the  method  herein  detailed  may  be  successfully  applied. 

II.  Oxygen. — The  estimation  of  this  element  in  cyanide  solutions  is 
considered  to  be  valuable,  but  it  is  very  difficult  to  obtain  an  easy  method. 
A  process  has  been  submitted  to  gold  workers  by  A.  F.  Crosse  (Jour.  CAew.  anrf 
Met.  Sop,  b/  S.  Afripa,  1890,  107-112).  The  author's  method  tor  testing 
cyanide  solutions  for  oxygen  is  an  adaptation  of  Thresh's  method,  as  described 
here  in  g  7>.  Before  the  method  can  be  used,  all  cyanides  and  absorbents 
of  iodine  must  be  removed.  Hence,  in  practice,  the  author  first  treats  the 
solution  to  be  examined  with  line  sulphate.  A  bottle  capable  of  holding 
21  liters  of  the  liquid  to  be  tested  is  carefully  filled  and  well  stoppered,  its  exact 
capacity  being  known.  100  c.c.  of  the  solution  are  withdrawn  tor  a  preliminary 
test,  and  are  titrated  with  zinc  sulphate  solution  (200  gm,  per  lit*r),  iisins 
phenolphthalein  as  an  indicator,  the  sine  solution  being  run  into  the  cyanide 
until  the  magenta  colour  of  the  hitter  is  just  destroyed.  The  quantity  of  the 
standard  rinc  solution  required  for  the  bulk  ot  the  cyanide  in  the  large  bottle 
is  calculated  from  this  result,  and  the  correct  amount  is  added,  without 
allowing  air  to  enter  with  it,  the  stopper  of  the  bottle  beii^  replaced  as  soon 
as  poesible.  The  mixture  of  c^nide  and  zinc  sulphate  is  then  thoroughly 
shaken  and  set  aside  for  the  resulting  heavy  flocculent  precipitate  of  zinc  c*-anide 
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to  Kttle,  wbich  tappeuo  after  some  time,  a  small  scum  usually  remainicg  on  the 
Bur&ce.  The  clear  liquor  is  then  sipliDaed  off  without  undue  ac<«sa  of  air  by 
aeitiB  a  beut  (flasa  tube  pufsing  through  one  bole  of  a  doublj  perforated  cork 
fitted  iota  the  bottle ;  the  second  hole  carrier  a  ^hort  t^law  tube  (arraoged  as  ia  a 
naahins-bottle),  through  which  air  is  blonn  momeutarily  to  start  the  action  of 
the  siphon.  The  end  of  the  immersed  limb  of  tbe  siphon  is  covered  with  a 
small  bag.  of  linl,  which  Altera  oIT  any  floaling  particles  of  precipitate.  Two 
or  three  (290  to  '300  c.c.)  pipettes  full  of  the  siphoned  solution  are  drawn 
off  and  retained.  A  prelimuiary  test  of  the  iodine-absorbinR  power  of  the 
solution  (due  to  unprecipitated  double  cyanidea)  is  then  made  by  adding  1«  a 
quantity  equal  to  that  used  in  the  test,  O'S  c.c.  of  sulphuric  acid  (half  acid,  halt 
water),  and  a  few  drops  of  potassium  iodide  and  starch.  Dilute  bromine  nater 
(1  bromine  water  ;  2  water)  is  added  until  a  blue  colour  is  obtained.  Another 
pipette  full  of  the  liquid  is  now  taken,  09  o.c.  of  sulphuric  acid  and  the 
required  amount  of  bromine  water  (found  from  the  preliminary  eiperiment) 
are  added,  the  Hopper  ia  put  into  the  wide-mouthed  bottle  used  in  Thresh's 
test,  and  the  pipette  is  turned  over  several  times.  1  c.c.  of  the  potassium  iodide 
and  sodium  nitrite  TOlution  is  then  added,  and  the  free  iodine— freed  in  pro- 
portion to  tbe  oxygen  in  the  solution — is  determined  by  means  of  standard 
sodium  tbioaulpbate. 

By  this  method  the  amount  of  oiygen  per  liter  in  certain  cyanide  solutions 
was  found  to  be  as  fallows :— Solution  from  Siemens-Halske  procen  before 
precipitation,  4'66  to  469  m.|;m. ;  tap  water,  77  m.gm. ;  the  same  tap-water 
with  0'2  per  cent.  KCy  and  a  little  ferrocyanide,  T'S  m.gm. ;  solution  as  pumped 
on  to  a  leaching  vat,  63  m.gm. ;  the  same  solution  as  run  from  the  vat  thirty 
hours  later,  06  m.^rm. ;  and  the  same  from  the  end  of  the  zinc  boxes,  0-8  m.pn. 

It  was  afterwards  discovered  that  tbe  cyanide  solutions  contained  a  small 
quantity  of  nitrites.  The  process,  therefore,  vua  altered  afl  follows: — Add 
potassium  hydroxide,  and  then  zinc  sulphate ;  determine  the  tlnosulphate 
required  by  Thresh's  method  with  clear  solution  decanted  from  precipitates 
formed  in  the  closed  bottle;  make  a  qualitative  test  tor  nitrites  by  acidifying  a 
little  of  the  clear  solution  with  dilute  sulphuric  acid,  and  adding  potassium 
iodide  and  starch  ;  and  Snally  apply  a  correction  for  the  nitrites  and  reagents 
used.  To  make  this  correction,  pour  into  a  very  strong  360-c.c.  ftssk,  a  quantity 
of  solution  equal  to  that  used  in  the  experiment  (ttay  293  c.c),  add  a  few  drops 
of  potassium  hydroxide,  and  close  the  Bask  with  a  rubber  stopper  having  one 
perforation,  through  which  is  passed  a  glass  tube  with  a  glass  9to()cock,  Boil  (he 
solution  for  a  few  minutes  and  close  the  stopcock.  Cool  the  flask,  and.  when 
cold,  pour  tbe  liquid  Into  the  pi^tte,  and  add  the  1  c.c.  of  iodide-and -nitrite 
solution  and  1  c.c  of  sulphuric  acid  (1  :  1).  Then  let  it  stand  for  ten  minutes, 
and,  in  tbe  presence  of  coal-gas,  run  it  into  the  bottle  described  in  the  previous 
paper,  add  starch,  and  titmte  with  thiosulphate.  The  quantity  required  gives 
tlie  correction  for  nitrites  and  for  the  reagents,  as  the  same  amount  of  acid  and 
of  iodide  and  nitrite  solution  is  used  in  each  case. 

W.  J.  Sliarwoot],  cliemist  to  the  Montana  Mining  Company,  has 
funiislied  me  witli  some  details  as  to  cjaiiiilp  solutions  written  by  him 
for  the  Emjineeiing  and  Mhiitiij  Journal,  1898,  p.  216,  but  the  results 
are  too  vohiniinoiis  to  lie  shown  here.  Tlie  nii'thods  adopted  were  as 
follows ; — 

Free  cyanide  was  estimated  by  silver  nitrate,  using  a  few  drops  of  5  p^  cent, 
ferrocyanide  solution  as  indicator.  Total  cyanogen  was  obtained  by  continuing 
the  titration  with  silver  after  addition  of  caustic  soda  and  a  little  ammonia  and 
potassium  iodide;  this,  however,  does  not  include  cyanogen  in  double  cyanides 
of  copper,  silver,  gold  or  mercury. 

Calcium  >vas  estimated  by  direct  precipitation  of  100  c.c.  of  the  solution  with 
ammonium  oxalate,  after  addition  of  ammonium  chloride  and  some  excess  of 
ammonia,  the  washed  precipitate  being  usimlly  dissolved  in  hot  dilute  Eiulphuric 
acid  and  titrated  with  iiermanganate ;  in  some  cases  the  precipitate  was  ignited 
auiT  weighed  as  oxide. 
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For  iron,  ciniper  and  tine  100  c.c,  ot  the  solution  were  twice  evaporated  with 
nitric  iicid,  rediBnlTed  in  dUuta  sulphuric,  and  iron  precipiUted  by  ammonia  in 
excess,  the  precipitate  bein^  at  once  redissolved  iu  bydrochlorio  a«id  and  iron 
eatimated  cotorimetrically  as  Ihiucj'anal^,  unless  the  quantity  euBiced  to  allow  ot 
reduction  bj  zinc  and  titration  by  pet'manganale.  Copper  was  approximately 
estiniated  by  the  oolour  of  the  aimnoniacal  Qltrate  from  the  iron.  It  nas  then 
removed  by  acidulating  with  sulphuric  acid  and  heating  with  a  strip  of 
aluminium;  the  meta!  was  then  washed,  redisBolved  in  nitric  aoid,  and 
determined  by  the  iodide  and  thioaulphate  method.  The  fllttate  after  removal 
of  iron  and  copper  was  neutralized  by  sodium  carbonate,  acidulated  with  a  fixed 
amount  of  hydrochloric  acid,  diluted  to  200  c.c,  heated,  and  zinc  estimated  in  it 
by  ferrocjanide  witb  uranium  indicator. 

Thiocyanate  was  estimated  by  acidulating  10  or  20  c.c.  with  hydrochloric  acid, 
adding  ferric  chloride,  and  comparing  the  colour  with  standard  thiocyanate 
under  the  same  conditions ;  in  some  cases  ferrocyanides  precipitated  and  required 
to  be  filtered  off.  Ferrocyanide  was  calculated  from  the  iron  found  above.  The 
methods  for  estimation  of  ferrocyauides  and  thiocyanates.  based  upon  oxidation 
by  permanganate,  were  found  to  be  totally  unreliable  when  tested  eiperi- 
mentally  upon  solutions  containing  known  quantities  in  prewnce  of  the 
substances  accompanying  them  in  cyanide  solntions.  The  colonmetrio  methods 
give  fiiirly  approximate  results. 

Sulphate  was  weighed  as  barium  sulphate,  precipitated  by  adding  barium 
chloride  to  100  c.c  of  solution,  after  first  adding  rome  excess  of  hydrochloric 
acid,  heating  tilt  odour  disappeared,  and  filtering  off  any  zinc  and  copper 
ferrocyauides,  Prussian  blue,  or  silver  chloride  that  fell  out. 

The  solid  residue  was  obtained  by  evaponting  20  to  50  co.  in  a  nickel  or 
platinum  dish  ;  the  former  appears  to  be  the  less  attacked  by  cyanide  solutions 
and  fused  residues. 

Alkalinity  toward  methyl  orange  was  determined  (a)  by  direct  titration  of  25 
or  60  cc  with  decinormalacid,  (i)  by  adding  the  standard  acid  in  considerable 
excess,  heating  till  all  odour  disappeared,  and  titrating  back  with  standard  atkaTi ; 
the  results  were  rendered  somewluit  uncertain  by  Ibe  precipitation  o(  zinc  com- 
pounds and  ferrocyanide?. 

The  same  authority  states  that  although  the  method  given  in  the 
first  part  of  these  gold  cyanide  processes  give  fair  results  with  tolerably 
pure  substances,  they  become  much  less  accurate  when  the  solutions 
are  much  worked  and  old,  owing  to  their  containing  organic  matters, 
and  various  decomposition  products  of  KCN. 

FEBBO-  AITD  Fi!RBI-CTANIDES. 

Fotaaaium  Ferrooyaiiide, 

KjCygFe-i-3HjO  =  422. 

Metallic  iron  x     7-541  =Cry.stallized  Potassium  ferrocyanide. 

Double  iron  salt    x    1-077=  „  „  „ 

1.    Oxidation  to  Ferrloyanlda  by  Fermanganate  (De  Haen). 

g  60.  Fbbboctakide  may  \te  eatiniatcd  by  potassium  i*nnanganate, 
which  acts  by  converting  it  into  ferrieyanide.  The  process  is  easy  of 
application,  and  the  results  accurate.  A  standard  solution  of  pure 
ferrocyanide  should  be  used  as  the  basis  upon  which  to  work,  but 
may,  however,  be  dispensed  with,  if  the  operator  chooses  to  calculate 
the  strength  of  his  permanganate  upon  iron  or  its  compountls.  If  the 
permanganate  is  decinormal,  there  is  of  course  very  little  need  for 
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calciilatioa  (t  eq.  =422  must  be  used  as  the  syateiiiatic  number,  and 
therefore  1  c.c.  of  ^/lo  permanganate  is  equal  to  0'0422  gm.  of  yellow 
pnissiate).  The  Btamlanl  solution  of  pure  ferrocyanide  contains  20  gm. 
in  the  liter  ;  each  c.c.  will  therefore  contain  0-02  ffra. 

Uethod  of  Procedfbb:  10  c.c.  of  the  staudard  prusaiate  solution  are  put 
into  a  white  poroelun  dish  or  beaker  etandini;  on  white  paper,  and  250  c.c.  or  so 
of  irater  added ;  it  is  then  acidified  pretty  etrongly  with  sulphuric  acid,  and  the 
permanganate  delivered  from  the  burette  imtil  a  pure  uranium  yellow  colour 
appears ;  it  is  then  cautiously  added  until  the  faintest  pink  tinge  occun). 

E.  Rupp  and  A.  Schiedt  (Btr.  xixt.  2480)  elate  that  in  D4  Haen's 
metbod  for  the  titmtion  of  ferrocyanide!<  with  permanganate  the  end-point  is 
indistinot,  and  the  results  arc,  sa  a  rule,  from  1  to  3  per  cent,  too  high. 
Contlar;  to  the  statement  in  the  text-books  that  ferrocyanides  cannot  be 
quantitatively  oxidiisd  with  iodine,  the  nuthors  show  that  satisfactflry  renulto 
can  be  obtained  by  using  an  excess  of  iodine  solution  and  titrating  back  with 
thiosulphate.  In  presence  of  organic  matter  (tartrates)  the  oxidation  is  not 
complete.  Perrioyanidee  are  reduced  by  boiling  in  atrongly  alkaline  solution 
with  ferrous  sulplate,  and  in  an  aliquot  portion  of  the  filtrate,  the  ferrocyanide 
produced  is  titrated. 

Ferrocyanides  in  Alkali  waste.— Acididate  the  solution  with 
HCI,  and  add  strong  bleaching  powder  solution  with  Station  until 
a  drop  of  the  liquid  gives  no  blue  colour  with  ferric  indicator.  The 
liquid  ia  then  titrated  with  a  solution  of  copper  sulphate,  standardized 
on  pure  ]K)ta3sium  ferrocyanide,  using  dilute  ferrous  sulphate  as 
indicator ;  as  soon  as  no  more  blue  or  grey  colour  occurs,  but  a  faint 
reddening,  the  process  is  ended. 

POTASSIUM  FEBBICTAiriDE. 

KgCy,jFej=658. 

Metallic  iron  x  5-88         =  Potassium  ferricyanide. 

Double  iron  salt  x     '      1-68         =  „  „ 

"/lo  Thiosulphate       y         0-0329     =         „  „ 

2.    By  Iodine  and  Thiosulphate. 

This  salt  can  be  estimated  either  by  reduction  to  ferrocyanide  and 
titiation  with  jiennanganate  or  bichromate  as  above,  or  by  Lenssen's 
method,  which  is  baaed  upon  the  fact,  tliat  when  potassium  iodide  and 
ferricyanide  are  mixed  with  tolerably  concentrated  hydrochloric  acid 
iodine  is  set  free. 

K«Fe,Cy,2  +  2KI=2K,CyBFe  + 1, 
the  quantity  of  which  can  be  eatiiuat^d  by  ^/kj  thiosulphate  and 
starch.  Tliis  method  does  not,  however,  give  the  most  satisfactory 
results,  owing  to  the  variation  produced  by  working  with  dilute  or 
concentrated  solutions.  The  modification,  shown  in  §  84.5  is, 
however,  more  accurate,  and  is  as  follows : — The  ferricyanide  is 
dissolved  in  a  convenient  quantity  of  water,  potassium  iodide  in 
crystals  added,  together  with  hyilrochloric  acid  iu  tolerable  quantity, 
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then  a  solution  of  pure  zinc  Bulphate  in  excess ;  after  standing  a  few 
minutes  to  allow  the  decomposition  to  perfect  itself,  the  excess  of 
acid  is  neutralized  hy  sodium  carbonate,  bo  that  the  latter  slightly 
predominates. 

At  this  stage  all  the  zinc  femcyanide  first  formed  ianjonverted  into 
the  feiTocyanide  of  tliat  metal,  and  an  equivalent  quantity  of  iodine 
set  free,  which  can  at  once  be  titrated  with  "/lo  thiosulphate  and 
starch,  and  with  very  great  exactness.  1  c.c.  "/m  thioaulphate= 
0'0329  gm.  potassium  femcyanide.  ' 

Another  method  consists  in  boiling  with  excess  of  potash,  then 
cooling,  and  adding  H^Og  till  the  colour  is  yellow.  The  excess  of 
the  peroxide  in  tlien  Imiled  off,  H^SO^  added,  and  titrated  with 
permanganate, 

3.    Beduotdon  of  Feiri-  to  Ferro-oyaoide. 

This  process  is,  of  couise,  necessary  when  the  determination  by 
permanganate  lias  to  he  made,  and  is  best  effected  by  boiling  the 
weighed  ferricyanide  with  an  excess  of  potash  or  soda,  and  adding 
small  quantities  of  concentrated  solution  of  ferrous  sulphate  until 
the  precipitate  which  occurs  possesses  a  blackish  colour  (signifying 
that  the  magnetic  oxide  is  formed).  The  solution  is  then  diluted  to 
a  convenient  quantity,  say  300  c.c,  well  mixed  and  filtered  through 
a  dry  filter;  50  or  100  c.c.  may  then  be  taken,  sulphuric  acid  added, 
and  titrate*!  with  permanganate  as  before  described. 

Kassner  suggests  the  use  of  soilium  peroxide  for  the  reduction  of 
ferri-  to  ferro-cyanide  (Arch.  Phanii.  ccxxxii.  226)  as  being  rapid  and 
complete.  About  0'5  gra.  in  100  c.c,  water  requii-es  about  006  gm.  of 
the  peroxide ;  the  mixture  is  heated  till  all  effervescence  is  over, 
acidified  with  sulphuric  acid,  cooled,  and  titrated  with  permB;iganate 
in  the  usual  way. 

THIOOTANATES. 

For  the  estimation  of  thiocyanic  acid  in  combination  with  the 
alkaline  or  earthy  bases,  Barnes  and  Liddle  (J.  S.  0.  J.  ii.  122) 
have  devised  a  method  which  is  easy  of  application,  and  gives  good 
technical  results.     It  is  not,  however,  available  for  gas  liquors. 

The  metho<l  depends  upon  the  fact  that  when  a  solution  of  a  cupric 
salt  is  added  to  a  solution  of  a  tbiocyauate  in  presence  of  a  reducing 
agent,  as  sodium  bisulphite,  the  insoluble  cuprous  salt  of  thiocyanic 
acid  is  precipitated,  the  end  of  the  reaction  being  ascertained  by 
a  drop  of  the  solution  in  the  flask  giving  a  brown  colouration  when 
brought  in  contact  with  a  drop  of  ferrocyanide.  The  following  reactions 
take  place  : — . 

20uSO^  +  2KSCN  +  KajSOj,  +  HjO= 

CUjSjCjKj  +  KjSO^  +  2KaHS0j 
and 

2CuS04  +  lia(SCK)j  +  Ka^SOj  +  Hj(»= 

CujSjCjNg  +  BaSO,  +  2NaHS(  t  ^ 
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The  following  solutions  are  required  ; — 

1.  A  standard  solution  of  copper  suljiliate  containing  6*2375  gm. 
pet  liter,  1  c.c.  of  wliich  18  equivalent  to  0*00145  gm.  SCN. 

2.  A  solution  of  sodium  bisulphite  of  specific  gravity  1'3. 

3.  A  solution  of  potassium  ferrocjanide  (1    :  20). 

Meihod  op  Pbocbdubb  :  About  3  gm.  of  the  sample  are  weigbed  from  a 
stoppered  tube  into  a  liter  flask,  disaotved  in  water,  aod  mode  up  to  tbe  mark. 
After  well  mixing.  25  c.c.  are  measured  into  a  flask,  about  3  o.c.  of  the 
biaulphite  added,  and  the  whole  boiled.  Whilst  this  in  heating  a  burette  is 
filled  with  the  copper  solution,  ajid  a  white  porcelain  slab  is  dotted  over  with 
the  ferrocyanide.  When  the  liquid  iu  the  flask  has  rtached  tbe  boiling  point, 
20  c.c.  of  the  copper  solution  are  run  in.  well  shaken,  the  precipitate  allowed  to 
iiettle  for  about  a  minute,  a  drop  ii  taken  out  by  means  of  a  glass  rod,  and 
brought  in  oontacl  with  a  drop  of  ferrocyanide,  and  should  no  brown  coloura- 
tion appear,  more  of  the  copper  solution  is  run  in,  say  1  c.c.  at  a  time,  and  again 
tested.  This  is  oontinued  until  a  drop  gives  an  immediate  colour.  By  this 
means  an  appmiimation  to  the  truth  is  obtained.  It  will  be  observed,  during  a 
titration,  that  tbe  mixed  drops,  after  standing  for  a  miuute,  or  even  less,  pro- 
duce a  browQ  tint.  It  is  of  the  utmost  importiuice  that  the  colouration  be 
immediate. 

A  second  25  c.c.  of  the  Uiiocyanale  solution  are  run  into  a  cletin  Bask,  the 
bisulphite  added,  and  boiled  m  before. 

Suppose  that  in  the  first  eiperimeut,  after  an  addition  of  27  c.c.  of  copper 
solution,  no  colour  was  formed  with  ferrocyauide,  but  that  28  c.c.  gave  an 
immediate  colour;  then  in  the  second  experiment  27  ccareruu  in  at  once,  and 
the  liquid  is  ^;ain  tested,  when  no  colour  should  appear.  The  copper  solution 
ii>  then  run  in  drop  by  drop  until  there  is  a  slight  excesii  of  copper,  as  proved  by 


1  C.C.  of  normal  oxalic  acid^O-0655  gm.  Gold. 

§  61.  Thk  technical  assay  of  gold  for  coining  purposes  is  invariably 
[jerformed  by  cupellation.  Terchloride  of  gold  is,  however,  largely 
used  in  photography  and  electro-gtlding,  and  therefore  it  may  be 
necessary  sioraetimes  to  ascertain  the  strength  of  a  solution  of  the 
chloride,  or  its  value  as  it  oeeurB  in  commerce. 

If  to  a  solution  of  gold  in  the  form  of  chloride  (free  from  nitric 
acid  ami  the  free  hydrochloric  acid  nearly  neutralized  by  antmonia) 
an  excess  of  oxalic  acid  be  added,  in  the  course  of  from  eighteen  to 
twenty-four  hours  all  the  gold  will  be  precipitated  in  the  metallic  form, 
while  the  corresponding  quantity  of  oxalic  acid  has  been  dissipated  in 
the  form  of  carbonic  acid ;  if,  therefore,  the  quantity  of  oxalic  acid 
originally  added  be  known,  and  the  excess,  after  complete  precipitation 
of  the  gold,  be  found  by  pennanganate,  the  amount  of  gold  will  he 
obtained. 

A  more  rapid  method  consi.sta  in  boiling  the  neutral  gold  solution 
with  an  excess  of  atandanl  solution  of  [x^tosflium  oxalate  containing 
83  gra.  of  the  pure  salt  per  liter,  and  titrating  back  with  a  perman- 
ganate solution  which  has  the  same  working  strength  as  the  oxalate. 
Each  c.c,  of  oxalate  solution  deconii>osed  represents  0'006.5.5  gm.  An. 
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The  Qstimatiou  of  small  pro|M>rtions  of  gold  in  solutiou  can  be  done 
by  iodine  and  thiosulpliate  as  shown  by  Petersen  (Zeit. /.  Anoiy. 
Chem.  xix.  63),  and  the  method  has  been  verified  by  F.  A.  Gooc-h 
and  F.  H.  Morley  {Anier.  Jour.  Sci.,  October,  1899).  These  chemists 
found  that  the  reduction  of  the  auric  salt  with  the  consequent  liberation 
of  iodine  was  somewhat  influenced  by  the  volume  of  the  solution,  tjie 
amount  of  iodine  preaeiit  and  the  time  of  action.  Their  experiments 
showed  tliat  the  best  effects  were  obtained  in  a  solution  of  pure  gold 
chloride  of  about  0'8  gm.  of  the  salt  to  the  liter  by  using  O'l  gin.  KI 
to  volumes  of  the  chloride  ranging  between  25  and  50  c.c.  The  iodine 
and  thiosulphate  solutions  used  were  about  "/loo  strength  verified 
against  each  other.     The  solution  of  KI  contained  10  gm.  per  liter. 

Mbthod  of  Procedube  :  The  gold  dilution  is  measured  from  a  burette  and 
the  potasnum  iodide  added  in  the  proportioD  above  meDtioned;  there  must 
always  be  enough  of  this  to  mare  thau  redissolve  the  auroua  iodide  precipitated 
at  fint.  A  clear  solutioD  of  starch  is  then  added,  and  the  blue  colour  produced 
by  it  is  just  remoTed  by  thiosulphate.  The  standard  iodine  is  Iheu  added  until 
tfae  liquid  assumed  a  faint  rose  colour  and  the  amouut  of  gold  ts  obtained.  Of 
'  le  of  the  standard  solutions  must  be  known  by  experiment 
gth  of  pure  gold  solution.  For  very  small  qmntil' 
I  iodine  and  thiosulphate  may  be  used  with  ((ood  et 
a  correction  of  01  c.c.  for  the  iodine  must  he  allowed  for  vi 
exceedinfc  30  c.c.  of  the  gold,  because  that  is  the  amount  required  to  bring  out 
the  rose  colour  in  a  blank  experiment.  In  the  practical  use  of  this  process  for 
the  estinution  of  metallic  gold,  the  metal  can  at  course  be  ^t  into  solution  by 
chlorine  water  or  aqua  regia,  but  in  the  removal  of  the  excess  of  the  oxidizer  by 
evaporation  it  is  difficult  to  prevent  the  formation  of  aureus  chloride.  Qooch 
and  Morley,  however,  found  that  by  adding  ammonia  in  excess  to  the  solution, 
boiling  gently,  acidifying  with  HCI,  and  heating  if  necessary  to  redissolve  the 
precipitate  by  ammonia,  again  treating  with  ammonia  and  heating,  and  once 
more  acidifying.  The  ammonium  chloride  so  formed  acta  apparently  in  holding 
up  a  clear  solution  ready  for  titration. 

Colorimetrio  EBtimRtion  of  Qold  in  Ores.— This  method  la 
mentioned  as  being  of  sen'ice  in  Rom's  Gohl  Metalluiv/y. 

MffTHOD  op  PROCEot'BE :  100  gm.  of  the  ore,  or  leas  if  more  than  a  trace  of 
gold,  and  heat  it  in  a  stoppered  bottle  for  some  hours  with  10  cc.  of  bromine  and 
100  c.c.  of  water.  Then  Alter  off  the  litjuid.  and  wn^h  the  residue  several 
times  with  water.  Evaporate  the  filtrate  till  it  no  longer  smells  of  bromine. 
Make  it  up  to  100  c.c.  and  raise  it  to  boiling.  Place  6-lOc.c.  of  a  fresh  saturated 
solution  of  stannous  chloride  in  a  beaker  and  rapidly  pour  upon  it  the  boilinj:: 
extract,  A  precipitate  will  form  and  sink  to  the  bottom.  If  no  gold  be  present 
the  precipitate  has  a  wligbt  bluish  tint.  Gold  causes  it  to  be  pui^tish  red  to 
blackish  purple,  according  to  the  quantity  of  gold  present.  The  gold  is 
estimated  by  taking  small  quantities  of  standard  gold  solution,  making  up  to 
100  c.c,  boiling  and  pouring  into  stannous  chloride,  exactly  as  was  done  with  the 
ore  extract.  In  this  way  the  gold  can  be  approximately  estimated.  The  gold 
present  should  be  between  00001  and  0-0CNXI2  gm.  If  there  be  more  than 
O'OOOl  gm.  a  more  dilute  extract  of  ore  should  be  prepared.  It  less  than 
0*00002  gm.  be  present  a  larger  quantity  of  ore  should  be  used. 

EatimiitiOD  of  Qold  in  dilute  Cyanide  SolutlonB.— J.  Moir 

(J.  3.  C.  I.  abstr.  22,  1257)  gives  the  following  rapid  method  :— 100  c.c.  of  the 
solution  are  boiled  for  two  minut«H  with  about  1  gm.  of  sodium  peroxide,  to 
destroy  cyanides.  Next,  two  drops  of  10  per  cent,  lead  acetate  solution  are 
added,  and  about  0'2  gm,  of  aluminium  powder  is  stirred  in.  Metallic  lead  is 
tlius  precipitated,  and  the  gold  is  also  extracted  by  the  galvanic  action.      The 
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whole  is  filtered  wbeti  the  aluminium  has  dissolved  (the  fiitnte  being  tree  from 
cysDide  u  nell  ae  ^Id).  The  black  precipitate  is  dissolved  in  10  c.o.  of  boiling 
eo  per  cent,  aqiu  regut.  and  treated  carefully  with  stannous  chloride  solution 
until  the  yellow  colour  is  bleached,  whereupon  the  purple  tint  (purple  of 
Cas9tus)  develops,  and  is  constant  after  a  minute.  It  in  then  compared  with  s 
set  of  artificial  standards,  after  making  the  liquid  up  to  15  c.c,  in  a  tube  of  fixed 
diameter.  The  standard  tubes  are  filled  with  a  permanent  imitation  of  "  purple 
of  Cassius,"  made  by  miiin);  copper  and  cobalt- salts  in  the  required  proportion. 
They  are  standardized  empiriatlly-  The  shade  is  easily  visible  with  solutionn 
carryinfc  1  part  of  f^ld  per  million,  and  by  looking  down  the  tubes  (as  in 
HeEnleruiDj;),  2  grains  per  ton  (1  in  seven  millions)  can  be  detected.  Of  course, 
ereD  less  than  this  can  be  reco);nised.  it  more  than  lOO  o.c  ot  solution  be  used 


lODZITE. 

1  =  1270. 
1.    By  SiBtiUation. 

§  62.  Frbb  iodine  is  of  course  very  readily  eatimated  by  solution 
in  potassium  iodide,  and  titration  with  starch  and  "/m  thiosulphate, 
OS  described  in  §  38. 

Combined  iodine  in  haloid  salts,  such  as  tlie  alkaline  iodides,  must 
be  subjected  to  distillation,  with  hydrochloric  acid,  and  some  other 
substance  capable  of  assisting  in  the  liberation  of  free  iodine,  which 
is  received  into  a  solution  of  potassium  i«Ude,  and  then  titrated  with 
"/lo  thiosulphate  in  the  ordinary  way.  Such  a  sulwtaiico  presents 
itself  best  in  the  form  of  ferric  oxide,  or  some  of  its  combinations ; 
if,  therefore,  hydriodic  acid,  oi  wliat  amounts  to  the  same  thing,  an 
alkaline  iodide,  be  mixed  with  an  excess  of  ferric  oxide  or  chloride, 
and  distilled  in  the  apparatus  shown  in  tig.  39  or  40,  the  following 
reaction  occurs : — 

FejOj  +  2IH  =  2FeO  +  HjO  + 1^. 
The  beat  form  in  whicli  to  use  the  ferric  oxide  is  iron  ahitn. 

The  iodide  and  iron  alum  being  brought  into  the  little  flask  (fig.  40), 
sulphuric  acid  of  about  1-3  sp.  gi'.  is  added,  and  the  cork  carrying 
the  still  tube  inserted.  This  ,tube  is  not  carried  into  the  solution  of 
potassium  iodide  in  this  special  case,  but  witjiin  a  short  distance  of  it ; 
and  the  end  muRt  not  be  drawn  out  to  a  fine  point,  as  there  represented, 
but  cut  off  straight.  The  reason  for  this  arrangement  is,  that  it  is 
not  a  chlorine  distillation  for  the  purpose  of  setting  iodine  free  from 
tlie  iodide  solution,  as  is  usually  the  case,  but  an  actual  distillation  of 
iodine,  which  would  speedily  choke  up  the  narrow  jjoint  of  the  tulje, 
and  so  prevent  the  further  progress  of  the  operation. 

As  the  distillation  goes  on,  the  steam  trashes  the  condensed  iodine 
out  of  the  tube  into  the  solution  of  iodide,  which  must  be  present  in 
sufficient  quantity  to  absorb  it  all.  Wlien  no  more  violet  vapours 
are  to  be  seen  in  the  flask,  the  operation  js  ended ;  but  to  make  sure, 
it  is  well  to  empty  the  solution  of  iodine  out  of  the  condensing  tube 
into  a  beaker,  and  put  a  little  fresh  iodide  solution  with  starch  in, 
then  heat  the  flask  again ;  the  slightest  traces  of  iodine  may  then  be 
dist;overed  by  the  occurrence  of  the  blue  colour  when  cooled.     In  case 
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this  occurs  the  distillation  ie  continueil  a  little  while,  then  both  liquide 
mixed,  and  titrated  with  "^/k,  thio8ulphat«  as  uatial. 

It  has  been  previously  stated  that  the  rubber  jointa  to  the  special 
apparatus  of  Fresenius,  Bunsen,  or  Mohr  for  iodine  distillations 
are  objectionable.  Topf  avoids  this  by  fitting  his  apparatus  together, 
ao  that  although  rubber  is  used,  the  reagents  do  not  come  in  contact 
with  it  (Z.  a.  C.  xxvi.  f""' 


Kg.  44. 

Another  form  of  apparatus  designed  by  Stortenbeker  (Z.  a.  C. 
xxiit.  i73)  is  .shown  in  fig.  44,  in  which  rubber  joints  are  entirely 
diapenseti  with,  and  glass  connections  used.  The  connection  between 
the  distilling  tube  and  the  absorbing  apparatus  is  a  water  joint,  the 
tube  resting  in  a  socket  kept  wet  with  water,  the  chloride  of  calcium 
tube  is  filled  with  glass  pearls,  moistened  with  concentrated  sohition 
of  potassium  iodide,  and  the  connection  with  the  absorbing  apparatus 
is  ground  in  like  on  ordinary  stopper.  The  absorbing  bulbs  are 
immersed  in  water  to  the  middle  of  the  bulbs,  and  the  iodide  solution 
filled  to  the  lower  end  of  them. 

Ferric  chloride  may  be  used  instead  of  the  iron  alum,  but  it  must 
be  free  from  nitric  aeid  or  active  chlorine  (best  prepared  from  dry 
Fe„03  and  HCl). 

The  iotlidea  of  silver,  mercury,  and  co]>pcr  cannot  be  accurately 
analyzed  in  this  way,  but  must  be  specially  treated.  They  should  be 
dissolved  in  the  least  possible  quantity  of  sodium  thiosulphate  solution, 
and  precipitated  boiling  ivith  sotlium  sulphide,  then  filtered;  the 
filtrate  contains  the  whole  of  the  iodine  free  from  metal.  The  filtrate 
is  evaporated  to  dryness  and  ignited,  then  dissolved  in  water,  and 
distilled  with  a  good  excess  of  ferric  salt  (Mensel,  Z.  a.  C.  xii.  137). 

2.    Hiztures  of  Iodides,  Bromides,  and  Chlorides.  . 

Donath  (Z.  a.  C.  xix.  19)  has  shown  that  iodine  may  be  accurately 

estimated  by  distillation  in  the  presence  of  other  halogen  salts,  by 

means  of  a  solution  containing  about  2  to  3  per  cent,  of  chromic  acid, 

free  from  sulphuric  aeid. 
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In  the  caae  of  iodides  and  chlorides  together  the  action  is  perfectly 
regular,  and  the  whole  of  the  iodine  may  be  received  into  potassium 
iodide  without  any  interference  from  the  chlorine. 

In  the  case  of  bromides  being  present,  the  chromic  solution  must  be 
rather  more  dilute,  and  the  distillation  must  not  be  continued  more 
tlian  two  or  three  minutes  after  ebullition  haa  commenced,  otherwise 
a  small  amount  of  bromide  is  decomjKised. 

The  reaction  in  the  case  of  potassium  iodide  may  be  expressed  thus: 

6KI  +  8Cr03=  Ig  +  CrjO^  +  SKfir/)- 

The  distillation  may  be  made  in  Mobr's  apfiaratua  (fig.  40),  iising 
about  50  c.c.  of  chromic  solution  for  about  0"3  gm.  I. 

The  titration  is  made  with  tliiosulpliate  in  the  usual  way. 

A  much  lorn  troublesome  method  of  estimating  iodine  in  the  presence 
of  bromides  or  chlorides  bae  been  worked  out  by  Cook  (J.  C.  S.  1885, 
471),  and  depends  on  the  fact  that  hydrogen  peroxide  liberates  iodine 
completely  from  an  alkaline  base  in  the  presence  of  excess  of  acetic 
acid,  while  neither  bromine  nor  chlorine  are  affected. 

Hydrogen  peroxide  alone  will  only  partially  liberate  iodine  from 
potassium  iodide,  but  witli  excess  of  a  weak  organic  acid  to  combine 
with  the  alkaline  hydroxide,  the  liberation  is  complete.  Strong 
mineral  acids  must  not  l(e  used,  or  bromine  and  chlorine,  if  present, 
would  also  be  set  free. 

MeiHon  OF  Pbocedube  :  The  solution  it  strougly  acidified  with  xcetic  Acid, 
and  auffieieDt  hydrogen  peroxide  ndded  to  liberate  the  iodine  (5  o.c.  will  suffice 
for  1  gm,  Kl).  The  mixture  h  lUowed  to  stand  from  half  nn  hour  to  an  hour ; 
the  whole  of  the  iodine  separates,  some  being  in  the  solid  state  if  the  quantity  is 
oonaiderable.  Cblorofurm  is  now  added  in  sufficieut  volume  to  dissolve  the 
iodine,  the  solution  syphoned  ofF,  and  the  globule  repeatedly  washed  with  small 
quantities  of  water  to  remove  excess  of  peroxide,  then  titrated  with  thiosulphate, 
wiUi  or  without  starch,  in  the  usual  way.  If  the  peroxide  b  not  completely 
removed  by  washing,  it  will  decompose  the  sodium  iodide  produced  in  the 
titration,  and  so  liberate  traces  of  iodine. 

The  results  obtained  by  Cook  in  mixtures  of  bromides,  iodides,  and 
chlorides,  were  about  99  per  cent,  of  the  iodine  present. 

Gooch  and  Browning  {Amer.  J<yur.  &ienre  xxxix.  March,  1890, 
also  C.  N.  Ixi.  279)  publish  a  methml  of  estimating  iodine  in  lialogon 
salts  of  tlie  alkalies  which  gives  excellent  results,  and  which  is  based 
on  the  fact  that  arsenic  acid  in  strongly  aciti  solution  liberates  iodine, 
becoming  itself  tediiced  to  arsemous  aciil,  according  to  the  equation. 

HjAsf  )^  +  2HI  =  H,,As()3  +  H/)  +  21. 

A  verj'  careful  series  of  exi>erinieiits  are  detailed  in  the  original  pafter, 
the  outcome  of  the  whole  being  summarized  in  the  following  process : — 

Hethod  of  PBOCEnrsE :  The  substance  (which  should  not  contain  of 
chloride  more  than  an  amount  correspondiog  to  0-5  pa.  of  sodium  chloride,  nor 
of  bromide  more  than  corresponds  to  US  gm.  of  potaivtium  bromide,  nor  of  iodide 
much  more  than  the  equivalent  of  0'5  g.m.  of  potassium  iodide)  is  dissolved  in 
water  in  a  conical  beaker  of  300  c.c.  capacity,  and  to  the  solution  are  added  2 
gm.  of  potassium  binai^nate  dissolved  in  n~»ter.  and  30  c.c.  of  a  mixture  of 
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aulpburic  acid  and  wAt«r  in  eqitil  Tolumai,  sod  enough  water  to  Increase  tbe 
total  volume  to  100  c.c.  or  a  little  laare.  A  platiDum  spiral  is  iotraduced,  n 
trap  made  of  a  iitr»^lit  two-bulb  dryini^  tube,  out  off  abort,  ia  huoK  with  the 
larger  end  downward  in  the  neck  of  tbe  flatk,  and  the  liauid  is  bnilea  until  the 
levet  reBohe«  a  marli  put  upon  the  flask  to  indicate  a  Tolume  of  35  c.o.  Oreat 
care  should  be  taken  not  to  press  the  concentration  beyond  this  point  on  acooUDt 
of  the  double  danger  of  losing  arjeoiuu?  chloride  and  settiug  up  reduction  of  the 
arsenate  by  the  bromide.  On  the  other  hind,  tboujh  35  c.c.  is  the  ideal  Toluma 
to  he  attained,  failure  to  concentrate  below  40  c.c.  introduces  no  appreciable 
error.  The  liquid  remaining  is  coaled  and  nearly  neutralised  by  sodium  hydrate 
(ammonia  is  not  equally  good),  DentraliKatioo  ig  oompletel  by  potassium 
bicarbonate,  an  eioe^s  of  20  c.c  of  the  Mturated  solution  of  the  latter  is  added, 
and  the  arsenious  oiide  in  solution  is  titrated  by  otaudard  iodine  in  the  preface 
of  starch. 

With  ordinary  care  tlie  method  is  rapid,  reliahle,  and  easily 
executed,  and  the  error  is  smalL  In  analyses  requiring  extreme 
accuracy,  all  but  accidental  errors  may  be  eliminated  from  the  results 
by  applying  the  corrections  indicated. 

The  indicated  corrections  are  based  on  a  iong  series  of  experiments, 
which  cannot  well  be  given  liere,  hut  the  results  may  be  stated  shortly 
as  follows : — 

When  no  chloride  or  bromide  is  present  the  iodine  may  be  estimated 
with  a  mean  error  of  0'2  m.gm.  in  0-5  gni.  or  so  of  the  alkaline  iodide. 
When  sodium  chloride  is  present  there  is  a  slight  deficiency  in  iodine, 
which  is  proportional  to  the  amount  of  iodide  decomposed.  For  about 
0'66  gm.  of  pota.fsium  iodide  and  0'5  gm.  of  sodium  chloride  the 
deficiency  in  iodine  amounted  to  O'OOll  gm.  When  the  iodide  is 
decreased,  say  to  one-tenth  or  less,  the  deficiency  falls  to  0-0002  gm. 
The  presence  of  potassium  bromide  liberates  traces  of  bromine,  and 
consequently  increases  the  AsOg,  and  gives  apparent  excess  of  iodine, 
the  mean  error  being  O'OOOS  gm.  for  0-5  gm.  of  bromide. 

The  simultaneous  action  of  the  chloride  and  bromide  tends  of 
course  to  neutralize  the  error  due  to  each.  Thus  in  a  mixture  weighing 
about  1'5  gm.  and  consisting  of  sodium  chloride,  potassium  bromide, 
and  potassium  iodide  iik  equal  parts,  the  mean  error  amounts  to 
-0-0003  gm.  The  largest  error  in  the  series  is  +0-0016  gm.,  when 
the  bromide  was  at  its  maximum,  and  no  chloride  was  present ;  and 
the  next  largest  was  —  0'0013  gm.,  when  the  chloride  was  at  its 
maximum  and  no  bromide  was  present. 

From  a  series  of  experiments  detailed  in  the  original  paper,  it  was 
deduced  that  the  amount  of  iodine  to  be  added,  in  each  case,  may  be 
obtained  by  multiplying  the  product  of  tlie  weights  in  grams  of  sodium 
chloride  and  potassium  iodide  by  tlie  constant  0-004  ;  and  the  amount 
to  be  subtracted,  by  multiplying  tlie  weight  in  grams  of  potassium 
bromide  by  0'0016;  but  in  order  to  make  use  of  these  correction.s, 
the  approximate  amounts  of  these  salts  must  he  known. 


8.    Titration  witii  ^  Silver  and  Thiooyaaate. 

The  tliiocyanate  and  silver  solutions  are  described  in  |  43, 

The  iodide  is  dissolved  in  300  or  400  times  its  weiglit  of  water  in 
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a  well-stoppered  flask,  and  "/lo  silver  delivereil  in  from  the  burette 
with  constant  shaking  until  the  precipitate  coagulates,  showing  that 
silver  is  in  excess.  Ferric  indicator  and  nitric  acid  are  tlien  added  in 
proper  proportion,  and  the  excess  of  silver  estiinated  by  thiocyanate 
as  described  in  §  43. 


4.    Oxidation  of  combined  Iodine  by  Chlorine  (Golfier 
BesBoyre  and  Dupre). 

This  'A-onderfulIy  sharp  method  of  estimating  iodine  depends  npon 
its  conversion  into  iodic  acid  by  free  chlorine.  When  a  solution  of 
potassium  iodide  is  treated  with  successive  quantities  of  chlorine 
water,  first,  iodine  is  liberated,  then  chloride  of  iodine  (ICl)  formed. 
If  starch,  chlorofoim,  benzole,  or  bisulphide  of  carbon  be  added,  the 
first  will  be  turned  blue,  while  any  of  the  others  will  be  coloured 
intense  violet.  A  further  addition  of  chlorine,  in  sufficient  quantity, 
produces  pentachloride  of  iodine  (IClj),  or  rather,  ae  water  is  present, 
iodic  acid  (lOjH).  No  colouration  of  the  above  substances  is  pro- 
duced by  these  compounds,  and  the  accuracy  with  which  the  reaction 
takes  place  has  been  made  use  of  by  CJolfier  Beseeyre  and  Dupr4, 
independently  of  eacli  other,  for  the  jmrpoee  of  estimating  iodine. 
The  former  suggested  the  use  of  starch,  the  latter  ebloroform  or 
benzole,  with  very  dilute  chlorine  water,  Duprii's  method  is 
preferable  on  many  accounts. 

EiAMPLB :  30  c.c,  of  wralt  chlorine  water  were  put  into  t,  beiker  with 
potawiiuin  iodide  and  tiarcb,  and  tlien  titrated  irilh  ^/loo  Ihioralphate,  of  which 
17  c.c.  were  required. 

10  c.c.  of  solution  of  potae^ium  iodide  containing  COlO  gm.  of  iodine  were 
put  into  s  stoppered  bottle,  clilorofoiin  added,  and  the  same  chlorine  water  as 
above  delivered  in  from  the  burette,  with  constant  shaking,  until  the  red  colour 
of  the  chloroform  had  disappeared  ■  the  quantity  u^ed  was  8S'6  c.c  The  eicers 
of  chlorine  was  then  ucertained  by  adding  sodium  bicarbonate,  potassium  iodide. 
and  starch.  A  slight  blue  colour  occurred ;  this  nss  removed  by  "/loo  ihiosul- 
phate,  of  which  1'2  c,c.  was  ured.  Mow,  as  SO  c.c.  of  (he  chlorine  eolution 
required  17  c.c,  the  85'8  c.c.  required  4882  c.c.  of  Ihiosulphate.  From  thin, 
however,  must  be  deducted  Ihe  12  c.c.  in  excess,  leaving  4743  c.c. 
"/iOo  =  4-742  c.c.  of  •'/lo  solution,  which  multiplied  by  0Cl)211,  the  one- 
sixth  of  itita  cq.  (]  eq.  of  iodic  acid  liberating  6  eq,  iodine),  gave  O'OIOOGS  gm, 
iodine  instead  of  OOl  gm. 

Mohr  suggests  a  mo<lification  of  this  method,  which  dispenses  with 
the  use  of  chloroform,  or  other  similar  agent. 

The  weighed  iodine  compound  is  brought  into  a  stoppered  fla^k,  sod  chlorine 
water  delivered  from  a  large  burette  until  all  yellow  colour  h»s  difappeared.  A 
drop  of  the  mixture  brought  in  contact  with  a  drop  of  elarch  must  produce  no 
blue  colour:  rodium  bicarbonate  is  then  added  till  the  mixture  is  neutral  or 
slightly  alkaline,  together  with  potassium  iodide  and  starch ;  the  blue  colour  is 
then  removed  by  *'/io  Ihiosulpbate.  The  strength  of  the  dilorine  water  being 
known,  the  calculation  presents  no  difEculty. 

Wohr  obtained  by  this  means  O'OIOIOS  gm.  iodine,  instead  of 
1-01  gm. 


i  by  Google 


$  62«  IODINE.  219 

6.    OxidatiOQ  by  Fermanganate  (Beinige). 

This  process  for  estimating  iodine  in  preaence  of  bromides  and 
chlorides  gives  satisfactory  results. 

When  potassium  iodide  aiid  permanganate  are  mixed,  tlie-  rose 
colour  of  the  latter  disappears,  a  brotrn  precipitate  of  manganic 
peroxide  results,  and  free  potash  with  potassium  iodide  remains  in 
solution.     1  eq.  1=127  reacts  on  1  eq.  KjMn/)g  =  316,  thus— 

KI  +  KjMngOg  =  KIOj  +  K^O  +  2MnOj. 
Heat  accelerates  the  reaction,  and  it  is  advisable,  especially  with  weak 
solutions,  to  add  a  small  quantity  of  potassium  carbonate  to  increase 
the  alkalinity.     No  oi^uic  matter  must  be  present. 

The  permanganate  and  thiosulphate  solutions  require<l  in  the  process 
may  conveniently  bo  of  "^/lo  strength,  but  their  reaction  upon  each 
other  must  be  definitely  fixed  by  experiment  as  follows : — 2  c.c.  of 
permanganate  solution  are  freely  diluted  with  water,  a  few  drops  of 
sodium  carbonate  added,  and  the  thiosulphate  added  in  very  small 
portions  until  the  rose  colour  is  just  discharged.  The  sl^ht  turbidity 
produced  by  the  precipitation  of  hydrated  manganic  oxide  need  not 
interfere  with  the  observation  of  the  exact  point. 

Method  of  Pbocesdbe  ;  The  iodine  compound  being  diraolved  in  water, 
and  always  existing  only  in  combination  with  alkaline  or  eaitby  basea,  in  faeated 
to  gentle  boiling,  rendered  alkaline  with  sodium  or  potassium  carbonate,  and 
permanRanate  added  till  in  distinct  excess,  best  known  by  removing  the  liquid 
from  the  fire  for  a  minute,  when  the  precipitate  will  subside,  leaving  the  upper 
liquid  rose-coloured  ;  the  whole  may  then  be  poured  into  a  600-c,c.  flask,  cooled, 
diluted  tfl  the  mark,  and  100  c.c.  taken  out  for  titration  with  thiosulphate.  The 
amount  ko  used,  being  multiplied  by  S,  will  give  the  proportion  required  for  the 
whole  liquid,  whence  can  be  calculated  the  amount  of  iodine.  To  prove  the 
accuracy  of  the  process  in  a  miiture  of  iodides,  bromides,  and  chlorides,  with 
excess  of  alkali,  the  following  experiment  was  made.  7  gm.  commercial 
potassium  bromide,  the  same  of  sodium  chloride,  with  1  gm.  each  of  potassium 
hydrate  and  carbonate,  were  dinnolved  in  a  convenient  quantity  of  water,  and 
heated  to  boilit^ ;  permauKanale  was  then  added  cautiously  to  dejtroy  the  traces 
of  iodine  and  other  imjtiirities  affecting  the  pennanganate  so  long  aa  decoloura- 
tion took  place;  the  slightest  excess  showea  a  preen  colour  (manganate).  To 
(he  mixture  was  then  added  0'1246  gm.  pure  iodine,  and  the  titration  continued 
■s  de«:ribed :  the  result  was  0*125  gm.  1. 

With  systematic  solutions  of  permanganate  and  thiosulphate  the 
calcidation  is  as  follows  : — ■ 

1  C.C.  ^/jo  solution  =  0-0127  gm.  I. 

e.    By  JStiixoas  Add  and  Carbon  BUulphide  (Fresenius). 
This  process  requires  the  following  stanilard  solutions : — 

(a)     Potassium  iodide,  about  5  gm.  per  liter. 

(6)  Sodium  thiosulphate,  jV  normal,  124  gm.  per  liter,  or 
thereabout. 

(c)  Nitrous  acid,  prepared  by  passing  the  gas  into  tolerably  strong 
sulphuric  acid  until  saturated. 
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('/)    Pure  carbon  Itisulpliide. 

(e)  8olution  of  sodium  liicArbonate,  made  by  dissolving  5  gni.  of 
the  salt  in  1  liter  of  water,  and  adding  1  c.c.  of  bydixKliloric  acid. 

Mbtbod  of  PaocED0RE  :  The  strenRth  of  the  Bodium  thioBulphat«  in 
relatiob  to  iodiae  is  first  ascertained  by  placing  60  c.c.  of  the  iodide  solution  into 
*  EOO  CO.  stoppered  tlisk,  then  about  ISO  c.c.  wKter.  20  c.c.  carbon  bisulphide, 
then  dilute  sulphuric  acid,  and  lastly,  10  drops  of  the  nitrous  solution.  The 
stopper  is  then  replaced,  and  the  whole  well  shaken,  net  aside  to  allow  the  carbon 
liquid  to  settle,  and  the  supernatant  liquid  poured  into  another  clean  Bask.  The 
carbon  bisulphide  is  then  treated  three  or  four  times  Kucoewivelj  with  water  in 
the  same  way  till  the  tree  acid  is  mostly  removed,  the  washings  being  all  mixed 
Id  one  Bask  ;  10  o.c.  of  bisulphide  are  then  added  to  the  washings,  well  sliakeu, 
and  if  at  all  ooloured,  the  same  process  of  washing  is  carried  on.  Finally,  the 
two  quantities  of  bisulphide  are  brought  upon  a  moistened  filter,  washed  till  free 
from  acid,  a  hole  made  in  the  filter,  and  the  bisulphide  which  now  contains  all 
the  iodine  in  solution  allowed  to  riui  into  a  clean  small  flask,  30  c.c.  of  the  sodium 
bioarbonale  solution  added,  then  brought  under  the  thiosulphate  burette,  and  the 
solution  allowed  to  flow  into  the  mixture  while  shaking  until  the  violet  colour  is 
entirely  discharged.  The  quantity  so  used  represenls  the  weight  cf  iodine  cod- 
tsined  in  50  c.c  of  the  standard  potassium  iodide,  and  may  be  used  on  that  basis 
to  ascertain  any  unknown  weight  contained  in  a  simiUr  solution. 

When  very  small  quantities  of  iodine  are  to  be  titrated,  weaker  solutions 
and  smaller  vessels  may  be  used. 

7-    By  ^  Silver  Solution  and  Staroh  Iodide  (Fiasni.) 
The  details  of  this  process  are  given  under  tlic  head  of  silver  assay 

f73.3),  and  are  of  course  simply  a  reversal  of  tlie  method  there  givpn. 
his  method  is  exceedingly  serviceable  for  estimating  small  qoaiititieH 
of  combined  iodine  in  the  presence  of  chlorides  and  bromides,  inasmnch 
as  the  silver  solution  does  not  react  u]>on  these  bodies  tnitil  the  blue 
colour  is  destroyed. 

iBoir. 

Fe  -^  56. 

Factors. 

■  1  c.c.  ''/lo  permanganate,  bithromate, 

or  thiosulphate  =  0-OOS6  Fe 

=  0-0072  FeO 
=  0-0080  Fe/I^ 

ESTIMATION  IN  THE   FEHBOUS  STATE. 

1.    Yeriflcation  of  the  standard  solutions  of 

Permanganate  or  Biohrouate. 

I  63.  Thb  estimation  of  iroh  in  tlie  ferrous  state  has  already  been 
incidentally  descril>ed  in  ^  3i,  35,  and  37.  The  jiresent  and  following 
sections  are  an  aui[>liHcation  of  the  methods  there  given,  as  a]>]>1ied 
more  distinctly  to  ores  and  jiroducts  of  iron  maimfaeture;  but  lipfore 
applying  the  i>enuanganatH  or  bichi-omate  process  to  these  substances, 
and  since  many  oijeratora  prefer,  with  reason,  to  standardize  such 
solutions  upon  metallic  iron,  especially  for  use  in  iron  analysis,  the 
best  method  is  given  in  g  34.2a.    Tlie  apimrattis  used  is  shown  in  fig.  46. 
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Instead  of  the  two  flasks,  many  operators  use  a  single  flask,  fitted 
with  caoMtehouc  stopper,  through  which  a  atmiglit  glass  tube  is  passed, 
fitted  with  an  india-mbber  slit  vaive  (known  as  Bunsen's  valve), 
whicli  allows  gas  ur  vapour  to  pass  out,  but  closes  by  atmoBpheric 
pressure  when  the  evolution  ceases.  Anotiier  arrangement  is  described 
in  g  34.2(1. 


Fig.  45. 

A  large  number  of  technical  operators  do  not  trouble  themselves 
to  arrange  any  apjiaratus  of  the  kind  described,  but  simply  dissolve 
a  weighed  quantity  of  wire  of  known  ferroiis  contents  in  a  conical 
beaker  covered  with  a  clock  glass.  If  kept  from  draughts  of  cold  air 
white  diaeolving  so  as  to  avoid  convection,  it  is  said  that  practically  no 
oxidation  takes  place. 

The  double  iron  salt  {§  34,26)  is  a  very  convenient  material  for 
adjusting  standard  solutions,  but  it  must  be  most  carefully  made  from 
jiure  materials,  dried  perfectly  in  the  granular  form,  and  kept  from  the 
light  in  small  dry  bottles,  well  closed. 

It  should  be  borne  in  mind  that  ferrous  compounds  are  much  more 
stable  in  sulphuric  than  in  hydrochloric  acid  solution,  and  whenever 
possible,  sulphuric  acid  should  be  used  as  the  solvent.  When  hydro- 
chloric acid  must  be  used,  and  permanganate  is  employed,  some 
manganoug  or  ammonium  sulphate  should  l)e  added  imless  the  solution 
is  very  dilute. 

2.    Beduotion  of  Fenio  Compounds  to  the  Ferrous  State. 

This  may  be  accomplished  by  meUUio  zinc  or  magnesium,  for  use  with 
permanganale,  or  by  stajioous  chloride  or  an  alkaline  sulphite  for  bichromate 
mlution.  Tbe  magnesium  methixl  i»  elegant  and  rapid,  but  costly.  In  tbe 
uftae  of  zinc  being  used,  the  metal  nimit  either  be  free  from  iron,  or  if  it  contain 
suy, the  ei:act  quantity  must  be  known  and  allowed  for;  and  further,  the  pieces 
of  zinc  used  must  be  entirely  dissolved  before  the  Bolutiou  is  titrated.*    The 

•  Beete  (C.  N,  lili.  2S9)  Hustg^HtH  the  following  conianient  srrsominBnt  i— A  atrip  of  thin 
plntiDom  foil.  1  is.  ■quiLre.  Is  ■ptrtor&ted  with  pm  holes  aJl  ocer,  Chen  bent  ioto  n  U  lono. 
and  the  mdg  connected  with  platinum  wire  sn  m  to  form  shoBket.  In  thiaiaplaisda  piece 
of  amalgunaled  linc  and  the  whole  BUHpended  by  a  atout  ^latinam  wire  in  the  reducing* 
ajBk.  When  lowered  Into  the  Bolution.  mother  strip  of  platinum  toil,  i  in.  square,  ia 
dropped  in  and  leaned  UAaiiiBt  the  wire  carryinir  the  boakct  ',  a  very  free  OToluCion  of 
hriuo^n  Is  Ihen  obtained  from  the  foil.    When  tJie  reduction  ii  complete,  the  buhet  is 

1,  ua  described  on  page  2*^3.     Another  method  with  zinc  duflt  iB 
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Bolution  M  be  rediiued  by  xiuc  ihoiild  unt  coulaio  more  than  (MS  zm.  Fe  per 
260  c.c,  RDd  for  this  qiuntily  about  10  gm.  at  Za  and  25  c.c.  H^O,  are 
advisable;  wbeo  Ibe  linc  is  all  dineolved,  the  whole  should  be  boiled  with 
eiclusioD  of  air,  tben  cooled  rapidl;  before  titration  with  tbe  )>ermaii|^aiiate.  In 
tbe  case  of  stanaoiu  chloride  the  solution  must  be  clear,  and  is  bpst  made  to 
coDtatn  10  to  15  ftm.  per  liter,  as  directed  iu  §  37.2.  The  point  of  exact 
reduction  in  the  boiling  hot  aud  somewhat  concentrated  acid  liquid  may  be 
known  very  closely  by  the  diiu:harge  of  colour  in  the  ferric  solution  :  but  niny  be 
made  sure  bv  the  use  r[  a  saturated  aqueous  solution  of  mercuric  chloridi  as 
menttoaed  in  §  37. 

It  is  exceedingly  difiicult  to  hit  tlie  exact  point  of  reductiou  no 
tliat  there  shall  be  neither  excess  of  tin  nor  unreduced  iron,  and 
teclmical  iron  analysti  now  almost  universally  use  mercuric  clJoride 
as  a  precaution  against  excess  of  tin  solution.  Tlie  general  method 
of  procedure  is  to  dissolve  the  material  in  diluted  hydrochloric  acid 
(I  acid  2  water)  in  a  conical  beaker  moderately  heated  over  a  n«e 
burner ;  when  solution  is  com]>lete  the  sides  of  the  vessel  are  washed 
down  with  hot  water,  the  liquid  brought  to  gentle  boiling,  and  strong 
tin  solution  added  froni  a  dropping  bottle  until  the  colour  of  the  iron 
sohition  is  nearly  discharged,  a  dilute  tin  solution  is  then  dropped  in 
until  all  colour  has  disappeared,  and  there  is  a  decided  sli);ht  excess  of 
tin.  Cold  air-free  water  is  then  washed  over  the  sides  of  the  beaker, 
the  vessel  covered  with  a  clock-glass  placed  in  a  bowl  of  cold  water 
and  allowed  to  cool,  and  a  slight  excess  of  the  mercuric  solution  is 
then  added,  and  the  titration  witli  bichromate  is  at  once  completed  in 
the  usual  way. 

Some  tecbnical  ojKirators  prefer  to  use  sodium  sulphide  or 
ammonium  bisulphite  for  the  reduction.  In  the  case  of  using  the 
sodium  sulphite  the  solution  of  iron  must  not  be  too  acid  and 
should  be  dilute,  say  a  volume  of  half  a  liter  for  J  gm.  of  Fe,  the 
sulphite  is  added  and  the  flask  gently  heated  till  the  liquid  ia 
colourless.  It  is  tben  boiled  briskly  till  all  Sf>j  is  dissipated,  when 
cooled  it  is  ready  for  titration  mth  bicliromate.  In  tbe  ease  of  ores 
containing  titanium  it  is  preferable  to  avoid  the  use  of  zinc  for 
reduction,  as  it  reduces  also  more  or  less  the  titanium ;  alkaline 
Btdphide  does  not. 

The  procedure  nith  ammonium  bisulphite  is  as  toliowK ;—  (Austen,  C  A',  ilvi. 
2tt7.)  To  the  acid  solution  of  tbe  ore  or  metal,  diluted  and  Bllered.  ammonia  is 
added  until  a  faint  precipitate  of  ferric  oxide  occurs.  This  is  re-dissolved  with  a 
few  drops  of  UCI,  and  some  stronji  solution  of  bisulphite  added,  in  the  proportion 
of  about  1  c.c,  for  each  01  gra.  of  ore,  or  CCo  K-m.  Fe.  The  miiture  is  well 
stirred,  boiling  H-aier  added,  then  acidified  with  dilute  sulphuric  acid,  and  boiled 
tor  half  an  hour ;  it  is  then  ready  tor  titration. 

D,  J.  Carnegie  {J,  C.  S.  liii.  46S)  points  out  the  value  of  rinu  dust  for  the 
rapid  reduction  of  ferric  solutions,  and  suggests  the  following  method  of  canying 

The  bottom  of  a  dry  and  narrow  beaker  is  covered  with  zinc  dust  sifted  through 
muslin.  A  known  volume  of  ferric  solution,  prnviously  nearly  neutralised  with 
ammonia,  is  nhtced  in  the  bealier  and  shaken  with  the  zinc  dust ;  then  a  known 
volume  of  dilute  sulphiiric  acid  is  added  and  shaken  for  a  few  moments.  The 
reduction  is  much  more  mpiA  in  neutral  than  iu  acid  solutions,  but  of  course 
acid  in  Ibis  case  must  be  present  in  excess  to  keep  the  iron  in  solution. 
Carnegie  withdraws  a  portion  of  the  reduced  solution  from  the  undUsolved 
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sine  bj  help  ot  a  filler,  mich  as  is  daicribed  on  p.  18,  and  aa  measured  volumes 
have  been  used,  an  aliquot  part  taken  with  a  pipette  may  be  at  once  titrated,  and 
the  amount  of  iroD  found.* 

Clemens  Jones  in  a  paper  read  before  the  Ameriom  Institute  of  Mining 
Engineers,  and  wbicb  is  reproduced  in  C.  !f,  Ix.  93,  adopts  the  plan  sug^ted  by 
Carnegie,  and  has  designed  a  special  apparatus  for  filtering  the  ferno  solution 
through  a,  column  of  zinc  dust.  This  arrau;{enient  gives  complete  reduction  in 
a  very  xhort  period  of  time,  and  is  serviceable  where  a  lar^  number  of  titrationii 
have  to  be  carried  on. 


ESTIlCATIOir    OF    IROK   IK    1?HE   FEBBIC    STATE. 

1.    Direct  Titration  of  Iron  by  Stannous  Chloride  (see  §  37). 

3.    Direct  Titration  of  Iron  by  Titanous  Chloride. 

§  64.  TiTANOUS  chloride  (TiCl^)  haa  been  mentioned  in  §  33  as 
a  rapid  and  powerful  deoxidiaer.  It  was  brought  to  ttiia  volumetric 
use  by  E.  Knecht  (Journ.  Dyer»  and  Oolounntg  Soc.  xix.  No.  6),  It 
was  used  by  him  for  ascertaining  the  purity  of  azo  dyes  and  nitro 
compounds,  etc. 

Being  naturally  very  sensitive  to  oxygen  or  air,  it  is  necessary  to 
preserve  its  solution  under  a  slight  pressure  of  hydrogen.  The 
method  of  doing  this  is  shewn  by  fig.  46.  Sufficient  of  the  TiClg 
solution  is  prepared  to  completely  fill  the  storage  vessel,  which  is 
connected  with  the  burette,  both  storage  vessel  and  burette  being 
kept  under  constant  hydrogen  pressure  from  the  small  hydrogen 
generator  where  the  gas  is  produced  from  granulated  zinc  and  dilute 
sulphuric  acid.  When  liquid  is  withdrawn  froai  tJie  burette,  the 
pressure  is  released  and  hydrogen  is  at  once  generated,  so  that  the 
interior  of  the  apparatus  which  is  not  filled  with  liquid  contains 
hydrogen  at  a  pressure  of  about  three  inches.  By  this  simple  means 
the  solution  may  be  kept  unchanged  for  a  considerable  period.  The 
same  arrangement  is  used  in  the  titration  of  the  azo  and  other  nitro 
compounds.  For  ferric  salt«  the  same  standard  solution  as  is  used  in 
titrating  the  azo  dyes,  viz.,  about  1  per  cent,  of  TiCl,.  A  fairly  pure 
solution  of  this  salt  is  made  commercially  of  about  20  per  cent, 
strength  for  dyeing  purposes,  therefore  to  jirepare  a  standard  solution 
50  c.c.  of  the  commercial  titanous  chloride  solution  is  mixed  with  the 
same  volume  of  strong  hydrochloric  acid,  and  boiled  in  a  flask  for 
a  few  minutes,  then  made  up  to  a  liter  with  distilled  water,  which  has 
been  previously  boiled  with  a  little  HCl  and  a  small  piece  of  marble  to 
expel  dissolved  oxygen. 

To  ascertain  the  exact  strengtli  of  the  alwve  mentioneil  solution 
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pure  ferroua 
ammonium  sulphate  are  dis- 
solved in  dilute  eulpliuric 
acid,  and  made  up  to  a  liter 
at  16°. 

25  e.c.  of  this  ferrous 
Holution  =  0-125  gni.  Fe  are 
then  measured  into  a  flask, 
and  weak  ]>ermanganat6 
solution  run  In  until  a  pink 
colour  is  just  perceptible  and 
all  the  iron  ia  in  the  ferric 
state.  This  solution  is  then 
titrated  with  the  titanous 
solution  at  ordinary  temper- 
ature, and  the  end  of  the 
process  is  found  by  mixing 
a  drop  of  the  solution  with 
a  drop  of  solution  of  potas- 
sium sulphocyanide  on  a 
white  plate  till  the  red  colour 
no  longer  appears.  The  exact 
strength  of  the  ferric  solution 
being  known,  the  iron  value 
per  c.c.of  the  titanous  chloride 
solution  is  e&sily  calculated. 
The  reaction  which  takes  place 

KeClj  +  TiCls  =  FeOlj  -1-  TiCl,. 
In  a  solution  containuig 
both  ferric  and  ferrous  com- 
])oimds  the  ferrous  salt  may 
be  first  estimated  by  per- 
manganate. All  the  iron 
being  now  in  the  ferric  state 
may  be  estimated  by  the 
titanous  chloride  and  the 
relative  proportions  of  each 
ascertained. 


a.    Titration  by  Sodium 
Thioaulphate. 

Scherer  first  suggested 
the  direct  titration  of  iron 
thiosulpliate,  which  latter  was 
ailded  to  a  solution  of  ferric 
chloride  until  no  further  violet 
colour  was  produced.     This 
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was  found  by  many  to  be  inexact;  but  Kremer  (Jown.  /.  Praet. 
Chern.  Ixxxiv,  339)  has  made  a  series  of  practical  experimenta, 
the  result  of  which  is  that  the  following  modiiied  method  can  be 


The  reaction  which  takes  place  is  such  as  to  produce  ferrous 
chloride,  sodium  tetrathionate,  and  chloride.  28jOgNaj  +  Fe2Clg-l- 
2HCI  =  Sp,Ug+4XaCl  +  2FeClj.  The  thiosulphate,  which  may 
conveniently  be  of  ^/lo  strength,  is  added  in  excess,  and  the  excesa 
determined  by  iodine  and  starch. 

Method  of  Psocedhbb  :  The  iron  BolutioD,  contuDing  not  more  than  1  per 
cent,  of  meUI,  which  must  eiint  la  the  ferric  state  without  any  excess  of  oxidizux 
material  (best  obtained  by  adding  excess  of  hjdro^n  peroxide,  then  boiling  till 
the  eicem  is  expelled),  is  moderately  acidified  with  hydrochloric  add,  sodium 
acetate  added  till  the  mixture  ie  red,  then  dilute  hydrochloric  aoid  until  the  red 
colour  disappears ;  then  diluted  liU  the  iron  amounts  to  1  or  t  per  cent,  and 
^lio  tliionilphate  added  in  excess,  best  known  by  throwing  in  a  particle  of 
potassium  sulphocyanide  alter  the  violet  colour  produced  has  disappeared ;  if  an; 
red  colour  occurs,  more  thioeulphate  must  be  added.  Starch  and  "/lo  iodine 
are  then  used  to  ascertain  the  excess.  A  mean  of  several  experiments  gave 
lOiKB  Fe,  instead  of  100. 

J.  T,  Norton  (J.  Am.  C.  S.  1899,  p.  25)  has  carefully  experimented 
on  this  method  and  found  that  it  needs  careful  management  to  insure 
accurate  results.  The  volume  of  dilution  and  amount  of  acid  must 
be  carefully  regulated,  so  also  must  the  amount  of  thiosulphate  used 
in  excess.  There  should  always  be  at  least  15  c.c.  of  thiosulphate  in 
excess  with  O'l  gm.  of  ferric  oxide  and  1  c.c  of  strong  hydrochloric 
acid  in  not  ]ess  than  400  or  500  c.c.  of  fnjslily  boiled  wat«r  used  for 
dilution.  The  time  occupied  in  reduction  should  be  as  shori:  as 
possible. 

Method  ov  Pboceddbb:  In  treating  ferric  oxide,  the  following  metlkod  is 
recommended : — Dissolve  an  amount  not  exceeding  0-2  gm.  of  the  oxide  in  2  c.c 
of  hydrochloric  acid,  evaporate  to  a  pasty  mass,  dilute  to  about  800  co.  with 
freshly-boiled  water,  add  a  drop  of  potassium  suJphocpuiide,  and  into  this 
solution  run  50  c.c.  of  '*/io  sodium  thiosulphate ;  allow  the  liquid  to  stand  until 
perfectly  colourless,  and  determioe  the  excess  of  thiosulphate  by  ™/io  iodine  and 
atarch.  For  quantities  of  iron  oxide  up  to  0*2  gm.  this  process  is  quick  and  most 
accurate;  when  care  in  t&ken  to  preserve  the  relations  of  acidity  and  dilution, 
twice  the  amount  of  ferric  oxide  mentioned  above  may  be  handled. 

The  accuracy  of  the  process  is  not  interfered  with  by  the  presence 
of  salts  of  the  alkalies,  etrontia,  lime,  magnesia,  alumina,  or  manganoue 
oxide ;  neither  do  salts  of  nickel,  cobalt,  or  copper,  unless  their  quantity 
ia  such  as  to  give  colour  to  the  solution. 

The  process  is  a  rapid  one,  and  with  care  gives  very  satisfactory 
results. 

3.    Estimation  with  Iodine  and  Sodium  Thioaulphatn. 

When  ferric  chloride  is  digested  with  potassium  iodide  in  excess, 
iodine  is  liljerated,  which  dissolves  in  the  free  potassium  iodide— 

FeClj  +  KI  =  FeClj  +  KCl  +  L 

4 
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.  Method  of  Pbocedcbb  :  The  hydrochloric  aciil  aolutioa,  which  must 
coDteJD  no  [re«  chlorine  or  nitric  acid,  and  all  the  iron  in  the  ferric  state,  is 
nearly  neutralized  with  caustic  potaah  or  Boda,  transferred  U>  a  well-stoppered 
flask,  aDd  an  excess  of  strong  solution  of  pot&sHiuin  iodide  added;  it  is  then 
heated  to  50°  or  60°  C,  on  the  water  bath,  closely  stoppered,  for  about  twentj 
minutes ;  the  flask  is  then  cooled,  starch  added,  and  titrated  with  thiosulphate 
till  the  blue  colour  disappeKni.  This  procew  K>ve»  very  Mtisfsotorj  results  in 
the  ab«enc«  of  all  suhstaiiceB  liable  to  affect  the  potassium  iodide,  such  as  free 
chlorine  or  nitric  acid,  and  is  particularly  serviceable  for  estimating  small 
quantities  of  iron. 

Instead  of  starch  another  indicator  is  suggested  by  Haswell  {Ziili.f.  ettgtte. 
Chem.  xlix.  1265).  To  au  aliquot  portion  of  the  solution  of  the  ferric  salt 
a  little  cupric  sulphate  and  salicylic  acid  are  added  SB  an  indicator.  Bud  then 
from  a  burette  ntandard  thioeulpbate  solution  is  run  in  luitil  the  riolet  coloration 
is  entirely  destroyed.  The  liquid  is  then  titrated  back  with  the  solution  of  the 
ferric  sail,  until  the  colour  just  reappear?. 

4.    EBtimatlon  of  Iron  by  Colour  Titration, 

These  nietliods,  which  a])proach  in  delicacy  the  Kessler  test  for 
ammonia,  are  applicable  for  very  minute  quantities  of  iron,  such  as 
may  occur  in  tlie  ash  of  bread  when  testing  for  alum,  water  residues, 
alluya,  and  similar  cases. 

It  is  first  necessary  to  have  a  standard  solution  of  iron  in  the  ferric  state,  which 
can  be  made  b^'  dissolving  ]'004  gtn.  ot  iron  wire  in  nitro-hydrochloric  acid, 

Srecipitating  with  ammonia,  washing  and  re-dissolviug  the  ferric  oxide  in  a  little 
jdrochloric  acid,  then  diluting  to  one  liter.  1  c.c.  of  this  solution  contains 
1  milligram  of  pure  iron  in  the  form  of  ferric  chloride.  It  may  befurther  diluted, 
when  required,  so  as  to  contain  -h  milli{^m  in  a  c.c,  vaA  this  is  tlie  best 
standard  to  use.'  The  solution  for  striking  the  colour  is  either  potassium 
ferrocj'anide  or  thiocyanale  dissolved  in  water  (1  ;  20). 

PEOCHncBK  WITH  Febrocy*nibe  :  Tlie  roateria!  containing  a  minuto 
unknown  quautity  of  iron,  say  a  water  residue,  is  dissolved  in  hydrochloric  acid, 
and  diluted  to  100  c.c,  or  any  other  convenient  measure.  10  c.c.  are  plai%d 
into  a  white  glass  cylinder  marked  at  100  c.c,  1  c.c.  of  concentrated  nitnc  acid 
added  (the  presence  of  free  acid  is  alwaj-^  necessary  in  this  process),  then  diluted 
to  the  mark  with  distilled  water,  and  well  stirred, 

1  c.c  ot  terrocyanide  mlution  Is  then  added,  well  mixed,  and  allowed  to  stand 
at  rest  a  few  minutes  to  develop  the  colour. 

A  similar  cylinder  is  then  filled  with  a  mixture  of,  say  1  o.c.  of  standard  iron 
solution,  1  c.c.  nitric  acid  and  distilled  water,  and  1  c.c.  ferrocyanide  added  ;  if 
this  does  not  approach  the  colour  of  the  first  mixture,  other  quantities  ot  Iron 
are  tried  until  an  exact  similarity  of  colour  occurs.  The  exact  strength  of  the 
iron  solution  being  known,  it  is  easy  to  arrive  at  the  quantity  ot  pure  iron 
present  in  the  substance  examined,  and  to  convert  it  into  its  state  of  combination 
by  calculation. 

Carter  Bell  {J.  S.  C.  I.  viii.  175)  adopts  the  following  plan  in  the 
case  of  waters  : — 70  c,c.  of  the  water  are  evaporated  to  dryness  in 
a  platinum  disli,  and  gently  ignited  to  bum  off  organic  matters. 
1  c.c,  of  dilute  nitric  acid  (50  c.c.  of  strong  acid  in  a  liter)  is  then 
poured  over  the  residue  from  a  pipette,  and  evaporated  to  dryness  in 
the  water  hath ;  the  residue  is  then  dissolved  in  1  c.c.  of  a  10  per 

'*  A  Boliitiou  ot  tb»  streo^h  cui  »bm  be  made  bj  neif  hiog  07  gm.  of  pure  ajumotjlum- 
tt-rroiu  lutphate  (S  Si.2  b),  diuulrine'  in  wat«r.  tciditjilng  with  golpliiuiG  Hid,  rnddiog 
■ufflcJeDt  penuaDgaute  Hotntion  t«  coDvert  the  iron  exactly  into  feme  salt,  then  dilntdiiff 
to  1  liter.  Ef  dro^u  p«n>iide  mij  hIbo  br  nwd  iu  ptue  of  penDuuaiute,  taking  nre  to 
dissipate  tlie  «iceu  bj  bolUug. 
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cent,  hydrochloric  acid,  5  or  10  c.c.  of  distilled  water  added,  and  the 
solution  filtered  and  washed  thivugh  a  small  filter,  and  made  up  to 
50  c.c.  in  a  Neaaler  glass;  and  finally  tested  with  1  c.c.  each  uf 
ferrocyanide  solution  and  nitric  acid. 

With  ThiocyanBte. -Thomson  {y:  C.  S.  1885,  i93)  recommends 
this  method  as  heing  specially  available  in  the  presence  of  other 
ordinary  metala  and  organic  matters,  silver,  copper,  and  cobalt  being 
the  only  interfering  substances.  The  delicacy  is  said  to  be  such,  that 
1  part  of  iron  can  be  recognised  in  50  million  parts  of  water.  The 
presence  of  free  mineml  acida  greatly  adds  to  the  sensitiveness. 
The  standard  ferric  solution  may  be  the  same  as  for  ferrocyanide ; 
and  in  preparing  the  material  for  titration,  the  weighed  quantity  is 
dissolved  in  an  appropriate  acid,  evapomted  nearly  to  dryness,  taken 
up  with  water,  converted  into  the  ferric  state  by  cautious  addition  of 
permanganate,  then  diluted  with  water  to  a  measured  volume,  and  an 
aliquot  portion  taken  for  titration. 

The  standard  iron  used  by  Thomson  =  y'j  m.gm.  per  c.c.  (0-7  gm. 
double  iron  salt  [oxidized]  per  liter). 

GXAUFLB  :  loto  two  colourless  )f\isii  cylinders  marVed  at  100  c.o.  pour  6  o.o. 
of  niliic  or  hydroclilorio  aoid  (1  ;  5).  together  w\ih  15  c.c.  of  dilute  thiocy&nate, 
u)d  to  one  ghasi  a.  measured  volume  of  the  solution  to  be  tested ;  fill  up  both 
glasses  to  the  mark  with  pure  water.  If  iron  he  present,  a  blood  red  colour 
mote  or  less  intense  will  be  produced.  Standard  iron  is  then  cautiously  added 
from  a  burette  to  the  other  j^lana  till  the  colour  agrees.  The  quantity  of  Pe 
taken  should  not  require  more  than  2  or  3  c.o.  of  the  standard  to  equal  it.  or  the 
colour  will  be  too  deep  for  comparison. 

If  other  metals  are  present  wliich  form  two  sets  of  salts,  they  must 
be  in  the  higher  state  of  oxidatiou,  or  the  colour  is  destroyed.  Oxalic 
acid  also  destroys  it.  Examples  in  the  presence  of  a  great  variety  of 
metals  show  very  good  results. 

IBON    OBES. 

§  65.  Thr  great  desideratum  in  the  analysis  of  iron  ores  is  to  get 
them  into  the  finest  possible  state  of  division,  and  ten  minutes'  hard 
work  with  the  agate  mortar  will  often  save  hours  of  treatment  of  the 
material  with  acids.  The  operator  of  experience  can  generally  tell  if 
the  ore  to  he  examined  will  dissolve  in  acids.  Some  clay  iron  stones 
and  brown  haematites  contain  organic  matters,  and  they  are  best  first 
roasted  in  an  open  platinum  crucible,  gradually  raising  the  heat  to 
redness ;  this  course  is  advisable  also  when  an  ore  contains  pyrites ; 
this  latter  is  easily  converted  to  Fe-fia  ^V  roasting.  The  proportion  in 
iron  ores  is  generally  under  half  a  per  cent.  Some  tirea  give  a  residue 
in  any  case  by  treatment  with  HGl,  this  should  be  separated  by 
filtration  and  fused  with  sodium  carbonate  which  will  render  all  the 
iron  in  a  soluble  state.  Iti  the  analysis  of  iron  ores  it  is  very  often 
necessary  to  determine  not  only  the  total  amount  of  iron,  but  also  the 
state  in  which  it  exists ;  for  instance,  magnetic  iron  ore  consists  of 
a  mixture  of  the  two  oxides  in  tolerably  definite  proportions,  and  it  is 
sometimes  advisable  to  know  the  quantities  of  each. 
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In  order  to  prevent,  therefore,  in  such  cases,  the  further  oxidatioa 
of  the  ferrous  oxide,  the  little  flask  apparatus  (fig.  47)  adopted  by 
Jtohr  la  recommended,  or  fig.  45  is  equally  serviceable. 

The  left-bMid  fUek  oont&iuB  tbe  weighed  ore  in  a  finely  powdered  atkte,  to 
which  tolerably  stronK  hydrochloric  scid  is  added  ;  the  other  Sasli  coDtains 
distilled  RBter  only,  the  tube  from  the  first  flaak  entering  to  the  bottom  of  the 
eecond.  When  tbe  ore  is  ready  in  the  fl&^k  nud  the  tubes  fitted,  hydrochloric 
scid  in  poured  in,  and  a  few  grains  of  sodium  bicarbonate  added  to  prmluce  a  flow 
of  CUg.  The  air  of  the  fluk  ia  thus  dispelled,  and  as  tbe  acid  dissolves  the  ore, 
the  gases  evolved  drive  out  in  turn  the  CO,,  which  is  partly  absorbed  by  the  water 
in  the  second  flask.  When  the  ore  is  all  dissolved  and  the  lamp  removed,  the 
water  immediately  rushes  out  of  the  second  flask  into  the  first,  diluting  and 
cooling  the  solution  of  ore.  so  that,  in  tlie  majority  of  cases,  it  is  r»ay  for 
immediate  titration.  It  not  auTBciently  cool  or  dilute,  a  sufficient  quantity  of 
boiled  and  coaled  distilled  water  is  added. 


When  tbe  total  amount  of  iron  jtreiwnt  in  any  sample  of  ore  has  to 
be  determined,  it  is  necessary  to  reduce  any  peroxide  present  to  the 
state  of  protoxide  previous  to  titration. 

Beduotion  to  the  Ferroua  state  may  1>e  done  by  sodium  sulpbite 
in  dilute  solution,  hut  not  so  witb  stannous  chloride ;  the  latter  must 
be  used  in  a  boiling  and  concentrated  solution  strongly  acidified  with 
hydrochloric  acid.  Most  technical  operators  now  use  the  tin  method, 
which,  by  the  help  of  mercuric  chloride  as  described  §  37.2,  is 
rendered  both  rapid  and  trustworthy.  Both  with  the  sulphite  and 
tin  method  bichioinate  is  the  invariable  titrating  solution,  ^Vhen 
permanganate  is  to  be  used  for  titration  tlie  reduction  is  always  best 
made  with  zinc  or  magnesium  in  sulphuric  or  very'wealt  hydnNihJoric 
acid  solution.  With  bicliromate,  the  ])e»t  a^^ent  is  either  pire  sodium 
sulphite,  ammonium  bisulphite,  or  stannous  chloride. 
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1.  Bed  and  Broiini  HEsmatites. — Red  luematite  consista 
generally  of  ferric  oxide  accompanied  with  matters  insoluble  in 
acids.  Sometimes,  however,  it  contains  phosphoric  acid,  manganese, 
and  earthy  carbonates. 

Brown  haematite  contains  hydrated  ferric  oxide,  often  accompanied 
by  email  quantities  of  ferrous  oxide,  manganese,  and  alumina ;  some- 
times traces  of  copper,  zinc,  nickel,  cobalt,  with  lime,  m^nesia,  and 
silica ;  occasionally  also  oi^nic  matters. 

In  eases  where  the  total  iron  only  has  to  be  estimated,  it  is 
advisable  to  ignite  gently  to  destroy  oi^anic  matters,  then  treat  with 
strong  hydrochloric  acid  at  near  boiling  heat  till  all  iron  is  dissolved, 
and  in  case  ferrous  oxide  is  present  add  smaU  quantities  of  potassium 
chlorate,  afterwards  evaporating  to  dryness  to  dissipate  free  chlorine ; 
then  dissolve  the  iron  with  hot  dilute  hydrochloric  acid,  filter,  and 
make  up  to  a  given  measure  for  reduction  and  titration. 

In  some  instances  the  insoluble  residue  persistently  retains  some 
iron  in  an  insoluble  form  ;  when  this  occurs,  resort  must  he  had  to 
fluxing  the  residue  with  sodium  carbonate,  followed  by  solution  in 
hydrochloric  acid. 

3.  Magnetio  Iron  Ore. — The  ferrous  oxide  is  determined  first 
by  means  of  the  apparatus  flg,  45  or  'i7.  The  ore  is  put  into  the 
vessel  in  a  state  of  very  fine  powder,  strong  hydrochloric  acid  added, 
together  with  a  few  grains  of  sodium  bicarbonate,  and  heat  applied 
gently  with  the  lamp  until  the  ore  is  dissolved,  then  diluted  if 
necessary,  and  titrated  with  bichromate  or  permanganate.  Technical 
operators  generally  use  only  a  covered  beaker. 

3.  Spathose  Iron  Ore. — The  total  amount  of  ferrous  oxide  in 
this  carbonate  is  ascertained  directly  by  solution  in  hydrochloric  acid ; 
as  the  carbonic  acid  evolved  is  generally  Bidficient  to  expel  all  air,  the 
tube  dipping  under  water  may  be  dispensed  with.  If  the  ore  contains 
pyrites  it  should  be  tirst  roasted,  but  this  of  course  converts  the 
ferrous  carbonate  into  Fe^O,,, 

As  the  ore  contains,  in  most  cases,  the  carbonates  of  manganese, 
Ume,  and  magnesia,  these  may  all  be  determined,  together  with  the 

A  weigbed  portion  of  ore  is  brought  into  BoIutJon  In  hjdrochlorio  acid,  after 
ignition  if  pjrite  ii  present,  and  Altered,  if  necessary,  to  separate  insoluble 
ailiciooB  matter. 

The  solution  is  then  boiled,  with  a  few  drops  of  nilric  acid  to  peroiidize  the 
iron,  diluted,  Dearl;  neutralized  with  ammonia,  and  a  eolutlon  of  ammonium 
ai»tate  added,  then  boiled  for  two  minutes  and  allowed  to  settle.  The  predpiUto 
is  collected  on  a  filter  and  washed  with  boiling  water,  containing  a  little 
ammonium  aoetste.  It  is  then  dissolved  off  the  Qlter  JD  UCl,  which  also 
dissolves  any  Al,Oj  or  PjO,  which  may  be  present.  The  liquid  is  then 
evworated,  reduced,  and  titrated  as  usual. 

•nie  filtrate  from  the  above  is  oonoentrated  by  evaporation,  cooled,  3  or  4  c.o  ot 
bromine  added,  and  .well  mixed  br  shaking;  when  most  of  the  bromine  is 
dissolved  the  liquid  is  rendered  alkaline  by  unmoaia,  and  gently  warmed  till  the 
Un  separates  in  large  flocks  as  bydraled  oxide,  which  is  collect^  and  titrated  by 
one  of  the  methods  in  §  67. 
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The  tillnite  rrom  the  last  is  mixed  with  itninoniiim  oxalate  to  predpitate  the 
lime,  which  is  estimaled  by  pernujigauate,  as  in  §  52, 

The  filtrate  from  the  lime  contaiuB  the  magnesia,  which  may  be  precipitated 
with  Bodium  phosphate  and  ammonia,  and  the  precipitate  weighed  as  usual,  or 
titrated  with  uranium  solution. 

4.  Estimation  of  Iron  in  Silioatos.  -Wilbur  and  WhittleBey 
(C  X.  xxii.  2)  give  a  seriea  of  determinations  of  iron  eKisting  in 
various  silicates,  either  as  mixtures  of  ferric  and  ferrous  salts  or  of 
either  separately,  which  appear  very  satisfactory. 

The  very  finely  powdered  slliiste  is  mixed  with  rather  more  than  its  own 
weijlht  of  powdered  fluor-9|iar  or  cryolite  (free  from  iron)  in  »  platinum 
crucible,  covered  with  hydrochloric  acid,  and  heated  on  the  water-hatb  until  the 
ulicale  is  all  di^iolved.  During  the  diction  either  carbonic  acid  gas  or  coal  gas 
free  from  Hj8  is  supplied  over  the  surface  of  the  liquid  so  as  to  prevent  access  of 
wr.  When  deoompiiaition  in  complete  (the  time  varying  willi  the  nature  of  the 
material),  the  mixture  is  diluted  and  titrated  with  pemianjiianate  in  the  usual 
way  for  ferrous  oxide;  the  ferric  oxide  can  then  be  reduced  by  zinc  and  its 
proportion  found. 

By  Hydroflnorio  Aoid.— 2  gm.  of  the  finely  powdered  silicate  are 

placed  in  a  deep  platinum  crucible,  and  40  c.e.  of  hydroQuoric  acid  (containing 
about  20  per  cent.  HF)  added.  The  mixture  is  heated  to  near  the  boiling  point 
and  occuioDally  stirred  iritli  a  pUtinum  nire  until  the  decomposition  of  Hie 
silicate  is  complete,  which  occupies  usually  about  ten  minutes.  10  c.c.  of  pure 
U^O^  diluted  with  an  equal  qi^ntity  of  water  are  then  added,  and  the  beat 
continued  for  a  few  minute".  The  crucible  and  its  contents  are  then  quickly 
cooled,  diluted  with  fresh  boiled  water,  and  the  ferrous  salt  estimate  with 
permanntanate  or  bichromate  as  usual. 

Leeds  {Z.  a.  0.  xvi.  323)  reconinienda  that  the  finely  powdered 
silicate  be  mixed  with  a  suitable  quantity  of  dilute  sulphuric  acid, 
and  air  excluded  by  COj  during,  tlie  acti<in  of  the  hydrofluoric  acid. 
The  titration  may  then  at  once  be  proceeded  with  when  the  decompo- 
sition is  complete. 

If  the  hydrofluoric  acid  has  leen  pre]>ared  in  leaden  vessels,  it 
invariably  contains  SO, ;  in  such  cases  it  is  necessary  to  add  to  it^ 
previous  to  use,  some  hydrogen  iieroxide  (ai'oidiiig  excess)  so  as  to 
oxidize  the  SO^. 

The  process  is  a  rapid  and  satisfactory  one,  yielding  much  more 
accurate  results  than  the  methott  of  fusion  with  oJkaline  carbonates  or 
acid  potassium  sulphate. 

6.    Colorimetrio  estimation  of  Carbon  in  Steel  and  Iron.— 

The  methoil  devised  by  Eggertz,  and  larfjely  adopted  by  chemists 
for  estimation  of  combined  carbon,  is  well  known,  Imt  is  o[)en  to  the 
objection  that  minute  quantities  of  carbon  cannot  be  discriminated  by 
it,  owing  to  the  colour  of  the  ferric  tutrnte  present.  Stead  (C.  N. 
xlvii.  285)  ill  onler  to  overcome  this  diHiculty  has  devised  a  method 
descril)ed  as  follows  : — - 

In  some  (ireful  iiivestij^ations  on  the  nature  of  the  colouring  matter 
which  is  produced  by  the  action  of  dilute  nitric  acid  upon  white  iron 
and  steel,  it  was  found  it  had  the  property  of  being  soluble  in  jwtaah 
and  soda  solutions,  and  that  the  alkaline  solution  had  about  two  and 
a  half  times  tlie  dejith  of  colour  posses.scd  by  the  aeid  solution.    This 
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being  ao,  it  was  clear  that  the  colouring  matter  might  readily  be 
sepaiated  from  the  iron,  and  be  olitaine<I  in  an  aikaline  solution,  by 
flimply  adding  an  excess  of  sodium  hydrate  to  the  nitric  aeid  solution 
of  iron,  and  that  the  colonrcil  solution  thus  obtained  might  be  used  as 
a  meana  of  determining  the  amount  of  carbon  [ireseiit,  Vi>oa  trial 
thia  was  found  to  be  the  case,  and  that  as  small  a  quantity  as  0'03  per 
cent,  of  carbon  could  readily  lie  determineil. 

The  solutions  required  ai'e ; — 

Nitric  acid,  1-20  b|>.  gr. 

Sodium  hydroxide,  solution  1-27  sp.  gr. 

Mbtbod  of  Pbocbdcbb  ;  One  gm.  of  Che  8l«el  or  iron  to  be  teiited  is  weighed 
off  and  placed  in  a  200  c.o.  beaker,  and  after  covering  vrhh  a  WHtch-glasa,  12  c.o. 
of  standard  nitric  acid  are  added.  The  beaker  and  content?  are  then  plat^  on  > 
warm  plate,  heated  to  about  tKf  to  IOC  C,  and  there  allowed  to  remain  until 
dissolied,  which  does  not  usually  lake  more  than  tea  minute*.  At  the  same  time 
a  standard  iron  containing  a  known  quantity  o(  varbon  is  treated  in  exactly  the 
same  way,  and  when  both  are  dissolved  30  cc.  of  hot  Hater  are  added  to  each, 
and  13  cc.  soda  solution. 

The  contents  are  now  to  be  well  shaken,  and  then  poured  int«  a  glass 
meaguring  jar  and  diluted  till  tbey  occupy  a  bulk  of  60  cc.  After  s^n  well 
mixing  and  allowing  to  stand  for  ten  mioutes  in  a  narm  place,  they  are  filtered 
through  dry  Alters,  and  tbe  filtrates,  only  a  portion  of  which  is  used,  are 
compared.  This  may  be  done  by  pouring  the  two  liquids  into  two  separate 
measuring  tubes  in  such  quantity  or  proportion  that  upon  looking  down  tbe 
tubes  the  colours  appear  to  be  equal. 

Thuf  if  50  measures  of  the  staudard  solution  are  poiu^  into  one  tube,  and  if 
tbe  steel  to  be  tested  contains  say  half  as  much  m  tbe  standard,  there  will  be  100 
measures  of  its  colour  wlution  required  to  ^ve  the  same  tint.  The  carbon  is 
therefore  inversely  proportional  to  the  bulk  compared  with  the  standard,  and  in 
the  above  assumed  cafe,  if  the  standard  eteel  contained  0*OS  per  cent,  carbon,  the 
following  simple  equation  would  give  the  carbon  in  the  sample  tested  :— 

005  <  50    „ „„ 

— j^^  =0025  per  cent. 

The  proportions  here  i^iveii  must  be  strictly  adhered  to  in  order  to  insure 
' The  colours  from   low  tarbon   irons   differ  in   tint  from  thowe  ir 


high  carbon  steels,  and  therefore  a  low  standard  specimen  must  be  used  for 
comparison.  It  is  evident  that  the  safest  plan  to  Insure  absolute  comparixoa  is 
to  neigh  and  dissolve  a  known  standard  steel  or  iron  tor  each  batch  of  tests. 

Stead  has  devised  a  special  colorimeter  for  the  process,  but  it  is 
evident  that  any  of  the  usual  instTumeuts  may  be  used. 

Arnold  {Steel  Worku  Anaiijfis,  p.  46)  gives  the  following  con- 
ditions as  necessary  for  the  accurate  working  of  the  Eggertz  test  :— 

[a)  The  standard  steel  should  have  been  made  by  the  same  process  as 
tbe  sample. 

(i)  The  standard  should  be  in  the  same  physical  condition,  as  far  as  this  can 
be  secured  by  mechanical  tneanii. 

(c)  The  standard  should  nok  differ  greatly  in  tbe  percentage  of  carbon. 

(d)  The  solution  of  the  standard  and  the  samples  should  be  made  at  the  same 
time,  and  under  identical  conditions,  and  the  comparisons  should  be  made 
without  delay. 

(»)  Above  all,  the  standard  should  be  above  suspicion,  its  carbon  contents 
having  been  settled  on  the  mean  of  several  concordant  combustions  made  on 
different  weights  of  steel  from  a  homoiieneous  hex. 
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6.    Estimation  of  Fhoaphoros  in  Iron  and  St6^.~Dudle; 
and  Pe^se  (/.  Anal.  Chem.  vii.  108)  adopt  the  following  method : — 


A  solution  of  potamium  pernuDKUuite,  Rod  then  ftgun  boiled  until 
man^ese  dioxide  begins  to  separate.  The  liquid  ia  now  clooed  br  the 
MutiouB  addition  of  pure  ferrous  autphate;  heated  to  85°  C.  and  miiad  with 

76  o.c  of  ammonium  molyUate  solutiau  at  27°  C.  After  shaking  for  fiTe 
minutes  in  a  whirling  apparatus,  the  precipitate  is  washed  with  solution  of 
ammonium  sulphate  until  the  washings  give  no  colouration  with  ammomum 
sulphide,  and  then  dissolved  in  a  mixture  of  6  c.c.  of  ammonia  and  26  c.c.  of 
water.  The  solution  U  now  mixed  with  10  c.c.  of  strong  sulphuric  acid,  diluted 
to  200  0.0.  and  reduced  with  lino.  The  solution  is  then  titrated  with  per- 
maoKaoate.  The  volume  of  the  latter  which  rejHveenta  1  gm.  of  Fe  equals 
0-0172444  gm.  of  P. 

7.  EBtimatioii  of  Sulphur  in  Iron  and  Steel.— J.  Thill 
gives  the  following  method  (Z.  a.  C.  xxxviiL  342). 

Hktsod  of  Pbocbdubb  :  Bj  attacking  the  metal  with  hydrochloric  acid  in 
the  well-known  apparatus  used  for  this  purpose,  liie  sulphur  is  liberated  as 
ralphuretted  hydrogen.  The  gas  is  received  in  25  c.c.  of  a  decinormal  solution 
of  arsenious  acid,  t«  which  has  been  added  60  cc.  of  a  cold  saturated  solution  of 
bimrbooate  of  soda.  Care  should  be  taken  that  the  gas  is  not  given  off 
too  rapidlj. 

When  the  attack  is  finished,  the  gas  which  still  fills  the  apparatus  is  driven  out 
bj  means  of  a  current  of  carbonic  acid,  and  the  passage  of  this  current  of  gas  is 
continued  until  the  hydrochloric  acid  carried  with  it  has  neutralized  the  alkaline 
solution,  and  precipitated  almont  the  whole  of  the  trisulpbide  of  arsenic  This 
operation  takes  eight  or  ten  minutes. 

A  few  c.c.  of  hydrochloric  acid  are  added,  and  the  volume  made  up  to  600  c.o. 
and  filtered.  The  filtrate  ia  collected  in  a  diy  beaker,  and  100  c.c.  are  taken,  and 
titrated  with  •'/so  iodine,  after  adding  starch  and  a  auftioient  quantity  of 
ammonium  carbonate  to  render  the  solution  alkaline. 

From  the  number  of  c.o.  of  iodine  used,  is  subtracted  the  number  of  c.o. 
required  by  25  c.o.  of  a  decinormal  solution  uf  arsenious  acid.  The  differeuoe 
corresponds  to  the  sulphuretted  hydrogen  given  off.  This  result,  multiplied  by 
0'0024046,  gives  the  amount  of  sulphur  ooutained  in  the  sample. 


UBAD. 

Pb  =  206-9. 

g  66.  The  accurate  eatimation  of  lead  is  in  most  cases  better 
effected  by  weight  tlian  by  meaaiire ;  there  are,  however,  instances  in 
which  the  latter  may  be  used  with  advantage.  The  precipitation  as 
oxalate  or  carbonate  ia  only  of  uae  where  the  lead  exists  in  the  form 
of  a  tolerably  pure  salt  or  metal. 

1.  As  Oxalate  (Hempel). — The  acetic  lead  solution,  which  must 
oonlain  no  other  body  precipitable  by  oxalic  acid,  is  put  into  a  300  c.c.  Bask,  and 
a  measured  quantity  of  normal  oxalic  acid  added  In  eicess,  the  fiask  filled  to  the 
mark  with  water,  xhakcn,  aud  put  aside  to  !>ettle ;  tOO  c.c.  of  the  clear  liquid  may 
then  be  taken,  acidified  with  sulphuric  acid,  and  titrated  with  permanganate  for 
the  excess  of  oxalic  acid.  The  amount  so  found  multiplied  by  3,  and  deducted 
from  that  originally  added,  will  give  the  quantity  combmed  with  the  lead. 

2,  Alkalimetrio    Hethod    (Uotar).— The    lead    is    precipitated    as 
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ixrboiutto  by  meuu  of  b  slight  eioesa  of  smmomum  carbonate,  together  with  free 
ammonia:  the  precipitate  well  washed,  and  dissolved  in  a  measured  eioew  of 
nonnal  nitrio  acid  •  neutral  wlution  of  Bodium  sulphate  is  then  added  te 
predpitAta  the  lead  aa  sulphate.  Without  filtering,  the  eioess  of  nitric  acid  is 
then  estimated  bj  normal  alkali,  each  o.c.  oombiued  being  equHl  to  01038  gm.  of 
lead. 

The  following  process  for  carbonate  ores,  pig  lead,  and  specially 
for  red  and  white  leads  and  litharge,  is  worked  out  by  J.  H. 
Wainwright  (J.  Am.  C.  S.  xix.  389).  The  necessary  solutiona 
are  :  potassium  bichromate,  of  such  strength  that  ]  c.c.  represents 
about  O'Ol  gm,  of  metallic  lead,  not  much  more  or  less,  and  may  be 
standardized  either  upon  pure  metal,  or  on  white  lead  which  has  been 
accurately  analyzed  for  actual  lead  by  weight :  silver  nitiste  solution 
as  outside  indicator,  not  exceeding  2  or  3  per  cent,  in  strength. 

UKTHOn  OF  PBOCEnuRB:  Prom  1  to  I'G  gm.  of  ore  or  litharge,  eto.,  is 
dissolved  in  10  to  15  c.c.  of  nitric  aoid  (sp.  gr.  1'20).  the  solution  neutralized 
with  ammonia  in  excets,  and  a  considerable  excew  of  aoetio  aoid  added.  It  Is 
then   boiled,    and    potassium    biohromate   solution   in  sufficient   guantitj   te 

precipitate  nearly  all  the  lead  is  ran  in  from  a  burette.  The  liquid  is  boiled 
until  the  precipitate  becomee  orange-coloured,  after  whioh  the  titration  ia  Snisbed, 
the  final  point  being  indicated  by  contact  with  silver  nitrate  as  an  outnde 
indicator  on  a  white  plate. 

The  precautions  to  he  observed  are  : — 

The  solution  of  the  lead  salt  must  be  as  concentrated  as  possible,  and  decidedly 
aoid  with  acetic  acid.  There  must  be  absence  of  other  metaU,  especially  such  as 
can  exist  in  lower  forma  of  oxidation.  Antinuny  and  tin,  unless  thoroughly 
oxidized,  and  bismuth  are  particularly  to  be  avoided.  During;  titration  the 
solution  should  be  kept  as  near  the  boiling-point  as  possible.  The  strength  of 
the  bichromate  solution  should  DOt  vary  much  from  that  given  above,  nor  the 
solution  of  silver  nitrate. 

In  the  case  of  dealing  with  ores  oontaining  small  quantities  of  silver,  it  is 
desirable  to  precipitate  this  before  filtration  with  a  little  solution  of  sodium 
chloride.  In  this  oase  it  is  well  to  employ  larger  drops  of  the  silver  nitrate  used 
as  indioktor. 

The  method  is  specially  suitable  for  such  sabstancea  as  white  lead,  red  lead, 
litharge,  etc  Bed  lead  is  dissolved  by  treating  it  with  nitric  acid,  and  adding  a 
dilute  solution  of  oxalic  aoid  drop  by  drop  until  the  leid  oxide  is  completely 
dissolved.  U  organic  matter  is  present  the  solution  should  be  filtered  before 
titration.  White  lead  am  be  dissolved  directly  in  acetic  acid,  and  the  solution 
tjtntad  without  filtration.  In  the  case  of  white  lead  ground  in  oil,  the  sample 
should  be  dissolved  in  dilute  nitrio  acid,  the  solution  boiled,  filtered,  neutralized 
with  ammonia  in  excess,And  an  eiceai  of  acetic  acid  added.  The  method  csn 
also  be  used  with  lead  bullion,  and  alloys  containing  tin  and  antimony,  but  the 
sample  must  be  thoroughly  oxidized  by  repeated  evaporation  with  fuming  nitrio 
acid,  and  the  solution  filtered  before  titration. 

Iieod  in  various  Orea. — An  investigation  of  many  methods  of 
estimating  this  metal  has  been  carried  out  by  J.  C.  Bull  (Analyst 
xxviii.  15).  The  best"  results,  including  the  foregoing  bichromate 
process,  were  obtained  by  the  molybdate  and  the  ferrooyanide 
methods.  The  initial  procedure  in  aU  the  trials  was  to  separate  the 
lead  as  sulphate,  which  contained  also  gangue  and  other  insoluble 
sulphates,  by  treating  the  ore  with  nitric  or  nitro-hydrochloric  acid, 
evaporating  with  sulphuric  acid  and  filtering  olf  from  soluble  sulphates 
after  being  diluted.  ' 
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The  Holybdate  Iffetbod.— The  miiture  of  lead  siilplute  and  impuritiea 
obtained  as  above  is  boiled  for  at  ]miit  tea  miuute!<  witli  ammonium  acetate 
solution ;  the  solution  is  then  acidified  with  acetic  acid,  diluted  to  200  cc,  again 
boiled,  and  a  standard  ammonium  molybdate  solution  added  until  all  tJie  lead  is 
precipitated.  The  end-point  is  ascertained  by  shaking  the  solution  vigorously, 
allowing  it  to  stand  for  a  few  minutes,  and  testing  1  drop  of  tha  clear  liquid  with 
1  drop  of  a  solution  (A  1  part  tannin  in  90O  pule  water  and  1  drop  of  a  lead 
solution ;  the  appearance  of  a  yellow  colour  indirates  the  prewnce  of  ammonium 
molybdate  in  eicois.  The  molybdate  solution  is  prepared  by  dissolving  9 
grammes  of  the  salt  in  1  liter  of  water  and  standardizing  again)<t  lead  sulphate. 
Since  the  indicator  is  not  very  wnsitive,  requiring  about  08  c.c.  of  molji'bdat*  to 
affect  it,  a  blantc  must  be  made  to  ascertain  the  correction  due  to  this.  This 
method  gave  very  good  results  when  tried  on  the  ores;  the  presence  of  antimony, 
bismuth,  and  calcium  bad  no  effect  on  it ;  but  in  the  presence  of  barium  and,  to 
a  lesser  extent,  strontium,  it  gave  low  results. 

The  Ferrooyanids  Method.— The  miiture  oonlaining  the  lead 
fulpliate  is  gently  heated  to  boiling  with  10  c.c.  of  a  saturated  solution  of 
ammonium  carbonate.  After  cooling,  the  precipitate  u  transferred  to  a  filter, 
thoroughly  washed,  and  then  placed  nith  the  filler-paper  in  a  Bark  containing  a 
hot  mixture  of  6  c.c,  glacial  acetic  acid  and  26  c.c.  water.  This  Is  boiled 
until  the  lead  carbonate  has  dissolved,  diluted  to  160  c.c,  heated  to  60°  C,  and 
titrated  with  standard  1  per  cent,  potassium  ferrocyanide  solution,  drops  of 
uranium  acetate  solution  placed  on  a  white  tile  being  used  as  indicator.  Here 
also  the  correction  due  to  the  indicator  must  be  determined.  This  method  also 
gave  very  good  results  when  no  interfering  nielala  were  present. 

4.    Ijead  in  Citric   and  Tartaric  Aoids,  etc. — Wariugton 

has  worked  out  tlie  l«at  method  of  aacertainiug  the  proportions  of 
lead  in  these  commercial  acids,  and  sliows  that  ammonium  sulphydrate 
is  to  1)6  preferred  to  sulphuretted  Ljdrogen  for  the  process,  inasmuch 
as  the  tint  produced  is  much  more  uniform  throughout  a  long  scale, 
and  very  free  from  tnrliiditj'.  Warington'a  description  of  the 
method  is  as  follows  : — 

The  depth  of  lint  produced  lor  the  pame  quantity  of  lead  present  is  far  greater 
in  an  ammoniscal  tartrate  or  cilrale  t'olutlon  than  in  the  Fame  volume  of  water; 
it  is  quite  esFenlial,  therefore,  if  equality  of  tint  is  to  be  interpreted  as  equality 
of  lead,  that  all  comparisons  should  be  between  two  citrate  and  tartrate  solutions, 
and  not  between  one  of  there  and  water. 

To  carry  out  the  method  it  is  necessary  to  have  Eolulions  of  lesd'free  tartaric 
and  citric  acid  supersaturated  with  pure  ammonia;  there  solutions  should 
develop  no  colour  when  treated  with  ammonium  sulpliydiale.  A  convenient 
strength  is  100  gm.  of  acid  in  300  c.c.  of  final  solution.* 

Of  the  tartaric  or  cilricacid  to  be  examined,  40gm.are  taken  and  dissolved  in 
a  little  water;  warm  water  is  most  convenient  for  crystal  and  cold  for  powder; 
the  solution  is  best  prepared  in  a  flask.  To  the  cold  solution  pure  strong 
ammonia  is  gradually  added  till  it  is  iu  slight  excess ;  the  flnal  point  is  indicated 
in  the  case  of  tartaric  acid  by  the  solution  of  the  acid  ammonium  tartrate  first 
formed;  in  the  case  of  citric  acid  it  is  conveniently  shown  by  a  fragment  of 
turmeric  jjaper  floating  in  the  liquid.  When  an  excess  of  ammonia  is  leached 
the  liquid  is  cooled,  diluted  to  120  c.c,  and  filtered. 

As  a  preliminary  experiment  10  c.c.  are  taken,  diluted  to  50  c.c.  in  the 
measuring  cylinder,  and  placed  in  a  2<i'e^teriiing  gla>«,  one  drop  of  ammonium 
sulphydrate  solution  added,  and  the  whole  well  stirred  ;  the  colour  developed 
indicates  what  volume  of  solution  should  be  taken  for  the  determination,  this 
volume  may  range  from  5  c.c.  to  50  c.c.     If  less  than  50  c.c.  are  taken  llie 

*  The  aluidiird  lead  aolntioiii  me  nude  by  disaoliiug  V9  gm,  ot  ci7<tiUlliad  lead  nltnta 
diied  oier  ntlpburic  acid  in  a  liter  of  water,  euh  c.c.^OOOl  gm.  Fb.    A  weaker  aolation  i* 
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Tolume  U  broi^ht  to  50  c.c.  irith  mtter,  and  one  drop  of  ammotiiutii  eulphjdmte 
IB  then  added.  . 

The  tint  thae  adopted  has  now  to  be  matched  nith  the  pure  solutions.  A  . 
volume  of  the  pure  ammoDiocal  tartrate  or  citrate,  identical  with  that  taken  of 
the  acid  under  examination,  receives  a  measured  quantity  of  lend  solution  from 
the  burette,  the  volume  is  brought  to  50  c.o.,  it  is  placed  in  a  NessleriKiug  glass, 
and  receives  one  drop  of  ammonium  eulphydrate ;  the  experiment  is  repeated 
till  a  match  is  obtained.  As  in  the  previous  method,  the  best  comparison  o( 
tinlf  is  obtained  by  making  finally  three  simultaneous  experiments,  one  with  the 
acid  under  examination,  the  other  two  with  pure  acid  containing  slightly  varying 
amounts  of  lead,  the  aim  being  that  the  tint  given  by  the  acid  t«  he  analyzed 
shall  lie  within  this  narrow  scale.  In  following  this  method,  considerable  uw 
has  to  be  made  of  the  weaker  of  the  two  lead  solutions  already  mentioned. 

The  whole  time  required  for  a  detennination  of  lead  by  this  method  now  given 
is  about  It  hour  :  this  time  wilt  be  somewhat  shortened  as  the  operator  becomes 
familiar  with  the  tints  produced  by  varying  proportions  of  lead.  If  traces  of 
copper  or  .iron  are  present,  any  interference  on  their  part  may  be  removed  by 
adding  to  the  alkaline  solution  a  few  drops  of  potassium  cyanide  solution. 

6.  Colorbnetrio  estLmatiou  for  Waters. — When  there  is  no 
other  metal  than  lead  present,  simple  addition  of  freshly  made 
sulphuretted  hydrogen  water  in  the  presence  of  weak  acetic  acid  as 
suggested  by  Miller  gives  good  results,  eomijarison  being  niade  with, 
a  standard  solution  of  le.ftd  acetate,  c-ontainiag  0'1831  gm.  per  liter. 
Each  c.c.  =  0-0001  gm.  lead.  The  estimation  is  made  in  colourless 
glass  cylinders  in  the  same  way  as  describeJ  for  copper  or  iron  ^  68, 
64,  taking  care  that  the  comparative  tests  ar«  made  under  precisely 
the  same  conditions. 

HAGNESITTM. 

Mg  =  24-36. 

§  67.  An  alkalimetric  process  for  the  estimation  of  this  substance 
has  been  adopted  by  Stolba,  a  reference  to  which  is  made  in  §28,  but 
the  time  and  trouble  requited  to  wash  out  the  ammonia  by  alcohol 
renders  the  method  too  difficult  for  general  purposes.  A  much  shorter 
procedure  lias  been  devised  by  R.  K.  Meade  (/.  Aiii.  C.  S.  xsi.  746); 

The  method  is  based  an  (he  Fame  }>nnci pies  as  Williamson's  process  for  the 
estimation  of  arsenic  described  here  in  §  47.  He  found  that  when  a  solution  of 
arsenic  acid  contained  sufficient  sulphuric  or  hydrochloric  acid,  the  arsenic  is 
quickly  reduced  to  awenious  acid  even  in  the  cold.  For  every  molecule  of 
arsenic  acid  so  reduced  there  corresponds  two  atoms  of  magnesium,  two 
molecules  or  four  atoms  of  iodine  are  liberated.  This  latter  is  titrated  with 
Sodium  thiosulphate,  and  from  the  volume  of  standard  »)lutiun  required,  the 
m;^nesium  calculated. 

The  standard  solulions  are  conveniently  made  as  follows ; — 

Standard  sodium  arsenate  is  prepared  by  dissolving  1229  gm. of  pure arsenious 
acid  in  nitric  acid,  evaporating  on  a  water-bath  to  dryness,  neutralizing  with 
sodium  carbonate  in  solution,  and  when  dissolved  made  up  to  a  liter  with 
distilled  wat«r.    Each  c.c.  —  OOOS  gm,  of  MgO, 

The  standard  solution  of  sodium  tbioaulphate  is  made  to  correspond  to  this 
either  by  direct  titration,  or  by  making  it  equal  to  a  standard  iodine  solution 
made  by  dissolving  52*24  gm.  of  pure  iodine,  and  TS^ra.  of  potassium  iodide  in 
about  200  cc.  of  water,  and  making  up  (o  one  liter.     :^h  cc.  =  0005  gm.  MgO. 

Method  of  Pkocedube  :  Pour  the  magnesia  solution,  which  should  not 
contain  too  great  an  excess  of  ammonium  chloride  or  oxalate  into  a  conical  flask 
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or  a  gaa-bottle  of  sufficient  size.  Add  one-third  the  volume  of  the  solution  of 
strong  ammonia  and  50  o.c.  of  sodium  aiseuale.  Cork  up  tightly  ftnd  shake 
Tigorousl;  tor  ten  miuutce.  AUon  the  precipitate  t«  settle  somewhat  then  fi1t«r 
and  wash  with  a  mixture  of  water  and  strong  ammonia  (3'1)  until  the  washings 
«ease  to  react  for  arsenic  ;  avoid,  however,  using  an  excess  of  the  vastung  fluid. 
Biseolve  the  precipitate  Id  dilute  hydrochloric  acid  (I  :  1),  allowing  the  acid 
solution  t4)  run  into  the  flask  in  which  the  precipitation  was  made,  and  wash  the 
Qlter-paper  with  the  dilute  aoid,  until  the  washings  and  solution  measure  80  or 
100  cc.  Cool,  and  add  from  3  to  6  gm.  of  potassium  iodide,  free  from  iodatej 
allow  the  solution  to  stand  a  few  minutes,  and  then  run  In  the  standard 
tMoeulphate  until  the  colour  of  the  liberated  iodine  fades  to  a  pale  straw  colour. 
Add  sUrcb,  and  titrate  until  the  blue  colour  of  the  iodide  of  starch  is  discharged. 
It  preferred,  an  excess  of  thioeulphate  may  be  added,  then  starch  and  standard 
iodme  until  the  blue  colour  is  produced.  On  adding  the  iodide  of  potassiuui  to 
the  acid  solution,  a  brown  precipitate  forms,  which,  however,  dissolves  when  the 
thiosulphate  is  added. 

Experience  has  proved  that  the  whole  process  ou)  be  done  within  an  hour,  and 
the  results  in  the  case  of  dolomite,  limestone,  slag  and  cement  are  ver;  near 
those  given  bj  gravimetric  methods. 

HAKQANESE. 

Mii  =  55,  MiiO  =  71,  MnOs  =  87. 


Metallic  iron  x  0-63393  =  MnO. 

X  0-491      =Mn. 

0-7768   =MnOj. 
I>ouble  iron  salt  x  0-0911    =MnO. 

Cryst.  oxalic  acid  x  0-6916    =  MiiOy 

Double  iron  salt  x  0-111      =  MnOy 

1  cc.  "/,(,  solution  =  0-00355  gm.  MnO  or  =  0-00435  gm.  MnO^. 

$  68.  All  the  oxides  of  manganese,  with  the  exception  of  the 
first  or  protoxide,  when  boiled  with  hydrochloric  acid,  yield  chlorine 
in  the  following  ratios  : — 

MnjOg=l  eq.  0=    2  eq.    CI. 

Mn30«=l  eq.  0=    2  eq.    CI. 

Mn  Oj  =  l  eq.  0-    2  eq.    CL 

Mn  O3  =  2  eq.  0  =    4  eq.    CI. 

MujOj  =  5  eq,  0  =  10  eq.    CI. 

The  chlorine  so  produced  can  be  allowed  to  react  upon  a  known 

weight  of   ferrous  salt ;   aiid  when    the  reaction  is  completed,    the 

unclianged    amount    of    iron    salt    is    found    by    permanganate    or 

bichromate. 

Or,  the  chlorine  may  be  led  by  a  suitable  arrangement  into  a  solution 
of  potassium  iodide,  tliere  setting  free  an  equivalent  quautity  of 
iodine,  wliich  is  found  by  the  aid  of  sodium  thiasulphate. 

Or,  in  the  case  of  manganese  ores,  the  reaction  may  toke  place  with 
oxalic  acid,  resulting  in  the  production  of  carlwiiic  acid,  which  can 
be  weighed  as  in  Fresenius'  and  Wills'  method,  or  the  amount  of 
unchanged  acid  remaining  after  the  action  can  be  found  by  per- 
manganate. 
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The  largely  iucreased  use  of  manganese  in  the  tnaniifactiire  of  steel 
hae  now  rendered  it  impeiative  that  some  rapid  and  trustworthy 
methods  of  estimatiou  should  be  devised,  and  this  has  been  done  by 
well-known  chemists.  The  first  method  described  appears  to  have 
been  simultaneously  arranged  by  Pattinson  and  Kessler;  both 
have  succeeded  in  finding  a  method  of  separating  manganese  as 
dioxide,  of  pwrfectly  definite  composition.  Pattinson  found  that 
the  regular  precipitation  was  secured  by  ferric  chloride,  and  Kessler 
by  zinc  chloride.  Wright  and  Menke  have  experimented  on  both 
processes  with  equally  satisfactory  results,  but  give  a  slight  preference 
to  zinc.  Pattinson  titrates  the  resulting  MnOg  with  standard 
bichromate,  ami  Kessler  with  permanganate, 

Pattinson's  method  has  been  fully  described  {/.  C.  S.  1879,  365), 
and  again  with  slight  modilications  in  J.  S.  C.  I.  x.  337. 

1.    Freolpitatioii  as   UnOi  and  Titration  with   Biohromate 
(Pattinaon). 

The  author's  own  description  of  the  method  is  as  follows : — 
This  method  depends  upon  the  whole  of  the  manganese  being 
precipated  aa  hydrated  dioxide  by  calcium  carbonate,  when  chlorine 
or  bromine  is  added  to  a  solution  of  manganous  salt  containing 
also  s  persalt  of  iron  or  a  salt  of  zinc,  and  under  certain  conditions  of 
temperature,  etc.  This  method  is  now  adopted  by  many  chemists 
both  in  private  laboratories  and  in  the  laboratories  of  at^el  works; 
and  it  is  therefore  thought  that  the  following  description  of  it  in 
its  slightly  modified  form,  as  now  used  for  determining  manganese  in 
manganiferous  iron  ores,  manganese  ores,  spiegeleisen,  ferromanganese, 
etc.,  will  not  be  out  of  place. 

Mkthod  of  Peocbdcrk  ;  A  quantity  of  the  sample  to  be  analyied,  containing 
not  more  than  about  0'25  gm.  of  mangaiieoe,  is  dissolTed  in  bydrochlonc  acid. 
In  the  case  of  spiegeleisen  and  femnuuiKanese,  about  3-4  c.c,  of  nitric  iicid 
are  afterwards  added  to  oxidize  the  iron.  In  the  case  of  manganese  oree, 
ferromanganese,  and  manganese  slags,  which  do  not  contain  BS  much  iron  m 
mannui««e,  there  is  added  to  the  Bolulion  as  much  iron,  in  the  form  of  ferric 
dilonde,  M  will  make  the  quantities  of  iron  and  manRanew  in  the  solution  abont 
equal.  An  excess  of  iron  is  no  dntwback,  except  that  a  larger  precipitate  his 
afterwards  to  be  filtered  and  washed. 

The  excess  of  acid  in  the  solution  is  then  neutralized  by  the  addition  of  calcium 
carbonate,  which  is  added  until  a  sliglit  reddening  of  the  solution  is  produced. 
The  solution  is  then  rendered  very  slightly  acid  by  dropping  into  it  just  enough 
hydrochloric  acid  to  remove  the  red  colour. 

Then  add  in  all  cases  30  c.c.  of  a  solution  of  zinc  chloride  containing  06  gia. 
of  metallic  zinc.  The  liquid  is  then  brought  to  the  boiling  point,  and  diluted 
with  boiling  wat^r  to  about  800  c.c. 

60  c.c.  of  a  solution  of  calcium  hypochlorite  made  by  dissolving  about  33  gm. 
of  bleaching  ponder  per  liter  and  filtering,  are  then  poured  into  the  manganese 
solution;  but  to  the  hypochlorite  solution,  before  pouring  it  into  the  mangaiieM 
solution,  there  should  be  added  just  enough  hydrochloric  acid  to  give  it  a  faint 
permanenl  greenish-yellow  colour  after  gentle  agitation. 

The  object  of  this  addition  of  acid  is  to  prevent  a  precipitate  forming  when 
the  hypochlorite  is  added,  due  to  the  alkalinity  of  this  solution.  Viben 
hydrochloric  acid  is  added  in  this  way  to  the  solution  of  calcium  hypochlorite, 
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the  manganese  solution  remains  clear  on  the  addition  of  (he  calcium  hypochlorite, 
and  aDT  possible  local  precipitation  of  manganese  in  a  lower  state  of  oxidation 
Ulan  MnOj  in  obviated. 

Finally,  add  to  the  manganese  solution  about  3  )^.  of  calcium  carbonate 
diffused  in  about  16  c.c.  of  boiling  nater.  After  the  first  evolution  of  carbonic 
acid  has  ceased,  during  which  time  the  cover  is  kept  on  (he  Wker,  the 
precipitate  is  stirred  to  make  it  collect  together,  and  2  c.c,  of  alcohol  or  methylated 
spirit  areHdded  and  it  is  again  sUrred. 

The  precipitate  is  then  thrown  upon  a  large  filler  and  washed,  at  first  with 
cold  water  until  the  greater  part  of  the  chlorine  ia  removed,  and  afterwards,  to 
make  the  washing  more  rapid,  with  warm  water  at  about  156°  F.  (6S°  0.),  It  is 
washed  until,  after  draining,  a  drop  shaken  down  straight  from  the  precipitate 
by  gently  jolting  the  funnel,  shows  no  indication  of  chlorine  when  lasted  with  a 
strip  of  iodized  starch-paper.  As  a  ma(ler  of  practice  two  or  three  washings  are 
given  after  there  has  ceased  U>  be  any  iudicatLon  of  chlorine. 
'  By  carnring  out  the  process  in  the  manner  here  described,  the  temperature  of 
the  liquid,  immediately  after  the  precipitation  is  complete,  is  about  170°  F. 
(77°  C),  and  it  is  found  that  the  best  and  most  oooatant  results  are  obtained 
when  the  temperature  after  precipitation  is  near  this  point. 

70  c.c.  of  an  acidified  solution  of  ferrous  sulphate,  containing  about  07  gm.  of 
iron,  and  made  by  dissolving  crystallized  ferroua  sulphate  in  a  mixture  of  one 
part  of  monohydcated  sulphuric  acid  and  three  parts  of  water,  are  then  accurately 
measured  off  by  a  pipeite  and  run  into  the  beaker  in  which  the  precipitation  was 
made.  The  precipitate,  together  with  the  filter  paper,  are  then  removed  from 
the  tunnel  and  placed  in  the  solution  of  ferrous  sulphate  in  the  beaker.  The 
precipitate  readily  dissolves  even  in  the  cold  (sometimes  it  may  be  necessary  to 
add  a  little  more  acid  to  dissolve  the  ferric  hydrate  completely),  the  manganese 
dioxide  converting  its  equivalent  of  ferrous  sulphate  into  ferric  sulphate.  A. 
sufficient  quantity  of  cold  water  is  now  added,  and  the  ferrous  sulphate  still 
remaining  is  titrated  with  a  standard  splution  of  potassium  bichromate. 

The  exact  amount  of  ferrous  sulphate  in  70  co.  of  the  ferrous  sulphate  solution 
is  determined  by  measuring  oft  into  a  clean  beaker  another  portion  of  70  cc, 
and  titrating  with  standard  bichromate  solution.  The  difference  between  the 
amounts  of  that  solution  required  givee  the  quantity  of  ferrous  sulphate  oiidized 
by  the  manganese  dioxide,  and  from  this  tlie  percentage  of  manganese  in  the 
sample  can  be  calculated. 

The  ferrous  sulphate  solution  should  be  standardized  from  day  to  day,  as  it 
undergoes  slow  oxidation  on  exposure  to  air. 

A  solution  of  bromine  in  water  may  of  course  be  used  instead  of  the 
hypochlorite  solution,  in  which  case  no  acid  is  added  to  the  bromine  solution. 
When  using  bromine  a  solution  containing  about  07  gm.  of  bromine  (about  22 
gm.  per  liter)  should  be  used,  and  90  c.c.  of  this  solution  used  (or  precipitating 
about  0.25  gm.  of  manganese. 

The  unpleasantness  of  working  vith  bromine  may  be  mitigated,  to  some 
extent,  by  adding  te  the  bromine  solution  before  pouring  it  into  the  liquid  con- 
taining the  manganese,  a  tew  drops  of  a  solution  of  sodium  hydrate  until  nearly 
all,  but  not  quite  all,  the  bromine  is  taken  up.  If  an  excess  of  sodium  hydrate 
were  added  to  the  bromine  it  would  produce  a  precipitate  on  pouring  it  into  the 
tnaoganese  solution,  and  this  is  to  be  avoided. 

It  is  preferable  to  have  both  zinc  and  iron  in  solution  with  the  manganese 
When  working  with  either  of  these  alone  all  the  manganese  b  obtained  in  the 
form  of  dioxide,  but  with  iron  alone  there  is  a  greater  tendency  to  the  formation 
ot  permanganate,  than  when  zinc  is  abo  present.  T^is  point  was  also  noticed  by 
Wright  and  Menke  (J.  C.  S.  Tram.  1880,  43).  When  line  alone  is  present 
it  is  found  that  the  precipitation  of  the  dioxide  does  not  take  place  so  rapidly  as 
when  iron  is  also  present.  When  both  iron  and  zinc  are  used,  there  is  very 
seldom  any  permanganate  formed,  if  care  is  taken  not  to  u«e  an  unnecewory  latye 
excess  of  chlorine  or  bromine,  but  occasionally  there  is  a  small  quantity  formed, 
especially  if  the  precipitate  is  left  to  stand  some  considerable  time  before  filtering. 
It  was  found  that  the  addition  of  a  very  small  quantity  of  alcohol  immediately 
after  the  pirecipitation   of   the  manganese  is   complete,  entirely   prevents  the 
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formation  of  permanganate  even  when  a  lai^a  e^cew  of  cilorine  h»i  bsen 
used,  and  for  Ihis  reason  it  is  well  to  add  it. 

Wbea  filtering  paper  ba;  b3ea  wetted  nrith  tbe  solntiou  contataing  free 
chlorine  or  bromine  and  afterwards  wubed  clean,  it  h^i  no  reducing  aotion 
either  upon  potasBium  bichromate  or  upon  ferric  sulphate.  The  addition  of  the 
filter  together  with  the  precipitate  to  the  solution  of  ferrom  sulphate  therefore 
does  not  inSuenoe  the  result. 

It  must  be  pointed  out  that  tbe  presence  of  lead,  copper,  nickel,  cDb:klt,  aid 
chromium  in  the  subatanoes  under  eiimimtion  interferes  with  the  aconracy  of 
this  mnthod  of  titrating  mingme^e. 

It  was  found  that  so  large  a  proportion  as  1  per  osnt,  of  lead,  capper,  aud  nickel 
does  not  greatly  interfere  with  the  teat,  but  the  interference  of  cabiH  and, 
especially  of  chromium,  in  serious.  All  these  Bubitaucs?,  except  chromium, 
form,  under  tlie  conditions  of  the  test,  hifclier  oxide<  insoluble  in  waiter,  which 
are  precipitated  with  the  mangineae  dioxide,  and  which  oxidize  ferrous  gulpbate 
to  ferric  sulphate  ;  whilst  chromium  forms  some  insoluble  chromate  which  goes 
down  with  the  manganese  dioxide. 

Fortunately  these  metals  rarely,  if  ever,  occur  in  the  ores  of  manganese  or  in 
spiegeleisen  and  ferro manganese  in  sufficient  quantity  to  affect  the  practical 
accuracy  of  this  teet. 

This  volumetric  method  cannot,  however,  ba  applied  to  the  determination  of 
manganese  in  alloys  of  these  metals,  such  as  ferrochrom?  or  in  ores  canUiniiig 
these  metals,  witliout  preTiontly  separating  them  from  the  solution  containing, 
the  manganese. 

The  method  as  above  Jesetibed  is  unJoubteilly  one  of  tbe  best 
volumetric  ones  known  for  the  estimation  of  manganese  in  varioua 
compounds  and  ores;  but  Saniter  in  criticising  the  method  gives  it 
credit  for  slightly  low  results,  and  advocates  the  standardizing  of  the 
bichroniat«,  not  upon  iron,  but  upon  a  manganese  oxide  of  known 
composition  {J.  S.  0.  f.  xiii.  112). 

Atkinson  {J.  S.  0.  I.  v.  365)  gives  the  following  short  description 
of  the  method  as  practically  in  daily  use  in  a  large  steel  works. 

Weigh  out  0'5  gm.  or  0'6  f^,  of  an  ore  containing  about  20  per  cent, 
mangaoeee.  dissolve  in  7  or  S  o.c.  of  strong  HCI,  and  whea  dissolved,  wash 
the  whole,  without  filtering,  into  a  large  nirrow-sidei  hsaker.  When  o^ld  it  is 
neutralized  with  precipitated  cxlcium  cirbinite.  until  tha  liquid  assumes  a 
reddish  hue.  40  or  60  c.c.  of  saturated  bromine  w.iter  ore  odled,  and  ths 
mixture  allowed  to  stand  in  the  cold  for  hilt-an-hour.  At  the  expiration  of  that 
time  the  beaker  is  nearly  filled  up  with  boiling  witer,  and  precipitated  calcium 
carbonate  added  until  there  is  no  further  effervewence,  and  part  of  the  carbonate 
is  evidently  unacted  apon.  A  small  quantity  of  aloh^l  is  then  added,  tbe  whole 
well  stirred,  atid  the  precipitate  allowed  to  settle.  The  clear  liquid  is  Altered  off 
and  freah  boiling  water  added  to  the  residue  in  the  beaker,  a  little  alcohol  being 
used  to  reduce  any  permanganate  which  is  formed.  Tbe  filtration  and  washing 
are  rapeated  until  the  filtrate  when  cooled  no  longer  turns  iodised  starch-paper 
blue.  During  the  washing  about  19  to  2'5  gm,  ot  pure  granular  ferrous- 
ammonium  sulphate  are  weighed  out,  waihed  into  the  beaker  in  which  the 
precipitation  took  plaoa,  and  about  30  to  50  c.c.  of  dilute  sulphuric  acid  added. 
The  filter  containing  the  precipitated  MnOj,  is  then  placed  in  the  beaker,  and 
the  latter  ia  quickly  dissolved  by  the  oxidation  ot  a  portion  of  the  ferrous  salt 
into  ferric  sulphate.  The  remaining  ferrous  iron  is  then  titrated  with  bichromate 
in  the  usual  way.  The  difference  in  the  number  of  o,c.  of  bichromite  used  from 
the  number  which  tbe  original  weight  of  the  ferrouvammonium  sulphate  would 
have  required  if  directly  titrated,  is  a  m^aiura  of  the  quantity  of  MnOj  present. 
For  rapidity  and  simplicity  tliis  volumetric  process  leaves  nothing  to  bs 
desired;  duplicate  experiments  agree  within  very  narrow  limits;  and  if  the 
Msumptiott  IS  aocapted  that  the  preicace  of  ferric  chloride  enables  the  complete 
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the  state  of  peroxide,   no  other   process  can 
ixympcifl  witu  iir, 

FettinsoD  prefers  to  use  bleach  solution  to  bromine,  because  the 
formation  of  permanganate  is  more  easily  seen.  In  any  case  not  more 
than  a  trace  of  permanganate  should  be  formed,  and  if  the  first 
experiment  shows  this  to  be  the  case,  another  trial  must  be  com- 
menced with  less  oxidizing  material. 

J.  W.  Westmoreland  describes  a  modified  method  which  is 
designed  to  overcome  some  objections  raised  against  the  above 
processes, 

TVith  ferro-iuMigBiiew  sod  ores  containing  about  60  to  60°/,  of  Mn  »t)out 
0'4  gm,  iB  Uken ;  ores  with  40°/„  0'6  gm. :  msnRaniferouB  iron  orra,  with  gay 
about  20 %  each  of  Fe  aod  Mn,  075  gin.;  npiegeleiseD  uid  BilicospiegelB,  with 
about  26%  Mn,  the  Mime, 

The  material  hating  b««n  brought  into  eolution  by  any  of  the  methods 
described,  is  concentiated  to  a  email  bulk  in  a  Urge  conical  beaker.  A  iMlution 
of  ferrio  chloride,  containing  about  the  same  amount  of  iron  as  there  it 
approximately  of  Mn,  is  added,  together  with  a  solution  of  zinc  ohloride, 
containing  about  06  gm.  of  Zn.  The  exc«t«  of  acid  is  then  neutralized  with 
caustic  potash,  so  that  the  bulk  of  liquid  is  about  BO  c.o.,  to  this  is  added 
about  60  c,c.  of  satuiated  bromine  water,  more  for  ferro-manganese,  less  for 
man^niferous  iron  ores,  and  zinc  oxide  emulsion*  is  gradually  dropped  in  with 
shaking,  until  the  Fe  and  Mn  are  precipitated,  care  must  be  taken  to  avoid 
a  large  eiceaa  of  zinc  oxide,  the  beaker  is  then  filled  uu  with  boiling  Up-water, 
and  the  clear  liquid  poured  through  a  filter,  previously  adding  a  few  drops  of 
alcohol.  The  beaker  is  then  filled  with  boiling  water  five  times  in  succeeeioD. 
the  precipitate  being  stirred  up  with  the  hoi  water  each  time  of  washing  and 
allowed  to  settle.  It  ie  then  brought  oc  the  filler,  and  again  freely  washed  with 
boiling  distilled  water.  The  filter  and  content*  are,  then  tranHferred  Ut  the 
beaker,  an  excess  of  acid  solution  of  ferrous  sulphate  added,  and  wheu  the 
precipitate  is  diesolTed  the  liquid  is  diluted  with  cold  dintilled  water,  and  the 
excess  of  ferrous  iron  estimated  at  once  with  permanganate.  The  value  of  the 
iron  solution  in  metallic  iron  is  found  by  titrating  the  same  volume  of  iron 
solution  as  has  actually  been  used  for  diswlving  the  Mu  precipitate,  and  the  Fe 
oxidiied  multiplied  by  0-491=Mn. 

It  is  absolutely  necessary,  in  order  t«  get  accurate  results,  to  wash 
the  precipitate  as  thoroughly  as  mentioned. 

2.    Tolhard'a  Permanganate  Uethod. 

This  is  now  largely  used  by  Continental  and  American  chemists, 
especially  with  certain  modilications ;  the  details  of  the  original 
process  being  as  follows : — 

A  quantity  of  material  is  taken  so  as  to  contwn  from  O'S  to  O'S  gm.  Mn, 
dissolved  in  hydrochloric  or  nitric  acid,  evaporated  in  porcelain  to  dryness,  first 
adding  a  little  ammonium  nitrate,  then  heated  over  the  flame  te  destroy  organic 
matter.  The  residue  is  digested  with  HCl,  adding  a  little  strong  HjSO,,  and 
again  evaporated  to  dryness,  fir^t  on  the  water-bath,  then  with  greater  heat  till 

Min.  En-l.  I.  201j  BuneHta  the  tollowinK  method  ot  preparlne  this  re««ent.  DlBSoliB 
ordintuT  ilneiihiteiii  HCl,  add  the  powder  until  then'remaiDeBoni<.>nDdiBBolred,  then  add 
a  Uttle  bromine  water ;  heat  the  miiture,  filter  and  nrecipioite  the  line  oiide  from  the  filter 
,W„Bh  thurouBhlj  tj  decftntation,  and 


flnallj  wash  istD  an  approdmate  bott1«  with  enoagh  wat«r  to  give  a  proper  omalfli 
UUa  method  a  Teiy  floel;  dinded  oiide  ia  ohtalnad.  owing  to  its  not  being  dried. 
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vtiH)uiB  of  S0|  ooour.  It  ia  theo  n-uhed  into  a  liter  fliwk  and  neutnlited  with 
Bodium  bjdnte  or  carlioQate ;  sufficient  pure  zinc  oiide,  made  into  a  creajn,  ia 
added  to  precipitate  all  tbe  iron.  The  flask  is  filled  to  the  mark,  shaken,  and 
200  G.c.  filtered  off  into  a  boilinf^  flask,  acidiGed  with  2  drops  of  nitric  add, 
sp.  gT.  1'2,  heated  to  boiling,  and  titrated  with  ^jip  permanganate  while  still 
hot.  Owing  t«  the  prenence  o(  the  trace  of  nitric  acid,  most  operatorB  now 
deduct  0'2  c.c.  of  permanaganate  before  calculating  the  maDganese. 

SarnBtrdm's  method  of  uainff  this  process  for  estimating 
mai^neae  in  iron  ores  as  described  by  Mixer  and  Du  Bois  ia  to 
precipitate  the  iron  in  dilute  hot  solution  by  sodium  carbonate,  care 
being  taken  to  add  no  more  than  is  just  sufficient  to  precipitate  the 
iron  ;  then  titrating  (without  filtering  off  the  ferric  oxide)  with 
permanganate.  Using  the  soda  in  this  way  does  not  give  perfect 
neutralization,  yet  it  gives  excellent  results,  as  shown  both  by  Mixer 
and  Du  Bois  and  G.  Auchy,  This  is  difficult  to  explain,  aa 
mentioned  by  the  latter  chemist,  because  in  working  either 
Volhard's  method  or  Stone's  mmlification  of  it,  there  must  be  a 
much  larger  quantity  of  zinc  emulsion  used  than  ia  necessary  to 
precipitate  the  iron,  in  order  to  avoid  too  high  results.  But  all 
experiments  show  that  Sarnstrbm's  process  is  quite  free  from  this 
error.  Auchy  is  of  opinion  that  either  the  ferric  oxide  by  its 
presence  in  some  way  prevents  high  results  when  solutions  are 
incompletely  neutralized,  or  by  its  presence  prevents  the  precipitation 
of  manganese  dioxide,  except  the  solution  be  thoroughly  neutralized 
when  titrated  ;  the  permanganate  simply  colouring  the  solution,  and 
no  manganese  precipitated  unless  more  sodium  carbonate  ia  added. 

G.  E.  Stone's  modification  of  the  original  Volhard's  method  gives 
an  easier  and  quicker  result,  as  no  evaporation  with  sulphuric  acid  is 
needed,  and  the  precipitate  of  ferric  oxide  rapidly  subsides  in  the  faint 
nitric  acid  solution. 

MSTHOD  OF  Pbocedvee  :  The  necessary  precsutionB,  as  given  bj  G.  Auchy, 
are  printed  in  italics,  3'3  sm.  of  drillingB  are  dissolved  in  50  c.c.  of  nitric  acid 
(sp.  gr.  1'20)  and  washed  into  a  500  cc.  mensuring  fiask.  Two-thirds  of  the 
amount  of  sodium  carbonate  solution  necessary  for  complete  neutraliaation  are 
added,  and  the  liquid  cooled.  Zinc  oxide  emulsion  is  then  added  until  the 
solution  stiffens,  an  txrett  being  atoidfd.  After  dilution  to  about  three-fourths 
the  capacity  of  the  Bask  the  whole  is  allowed  to  Bland  until  the  ferric  oxide 
begins  to  settle,  and  a  conniderahU  excea  of  xinc  oxide  emultion  Iheti  added  to 
tbe  colourless  solution.  After  being  made  up  to  the  mark  and  well  shaken  the 
precipitate  is  allowed  to  settle,  and  250  c.c.  of  the  clear  solution  heated  in  a  flask 
to  boiling  and  titrated  with  pemmnganate  of  strength  00066.  After  making 
the  neceasaiy  deductions  for  impurities  in  the  sodium  carbonate  and  zinc  oxide, 
which  have  been  previously  ascertained,  the  number  of  cc.  of  permanganate 
taken  is  divided  by  10,  and  0*02  per  cent,  deducted  from  the  result. 

3.    Estiniation  by  coiiTersioii  into  Permanganic  Acid. 

This  method  was  originally  devised  by  Schneider,  in  which  the 
manganese  is  oxidized  by  bismuth  jwroxide  in  the  presence  of  nitric 
acid  to  permanganic  acid.  Further  experiments  were  afterwards 
carried  on  by  Ramage  and  Eeddrop  {J.  C.  S.  Ixvi.  268),  the  result 
of  which  was  that  they  used  sodium  hismuthate  in  the  solid  state  for 
n  of  the  manganese. 
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Their  paper  gives  details  of  the  experiments  on  ferro  manganese, 
Spiegel,  silico  spiegel,  iron  and  steel,  but  tliese  deteils  are  too  much  to 
be  produced  here ;  but  the  final  method  for  wrought  iron,  steel,  and 
pig  iron  is  as  follows  : — 

Weigh  out  1-1  ^m.  of  the  sample,  and  place  it  in  a  beaker  or  boiling-tube ;  add 
80  0.0,  of  dilute  nitric  acid  (up.  gr.  V2)  nod  boil.  If  a  part  remains  undiasolred, 
decant  the  aolutioD,  filter  off  narbonaceaus  matter  if  necessarj,  and  add  more 
nitric  acid  up  to  25  o.c.  If  the  sample  dissolves  complntely  ubb  the  26  c.c.  of  acid 
to  WMh  the  tube.  If  the  sample  oonlJiinH  much  silicon  care  must  be  bJcen, 
when  boiling,  not  to  tmdulj  cancentrate  the  acid,  or  the  silicic  acid  will  separate 
in  a  form  which  blocks  up  the  filter. 

Cool  the  solution  in  a  beaker  to  about  16°,  oiidize  with  2  gm.  of  sodium 
bismuthate,  stir  for  three  minutes,  and  filter  through  an  asbeetoe  filler  into  a 
clean  flask.  Add  ^/lo  bydregen  peroxide  solution  from  a  burette  until  the 
reddith  oolour  disappears;  then  add  from  I'S  to  3'0  cc.  in  eicees, and  titrate 
with  */io  potassium  permanganate. 

Each  c.c.  of  ^lio  hydrogen  peroxide  reduced  by  the  sample— O'l  per  cent,  of 
manganese. 

The  reddish  colour  mentioned  above  is  produced  by  a  secondary  reaction  during 
the  titration,  probably  between  the  permanganic  add  and  the  reduced  manganous 
nitiate,  A  small  quantity  of  muiganio  salt  appears  to  be  formed,  and  the  yellow 
oolouref  this  masks  the  colour  of  tbe  permanganic  acid.  This  yellow  solution  is 
more  difficult  to  reduce  tlian  the  solution  of  permanganic  acid,  and  the  tinctorial 
power  of  the  compound  is  much  less  than  that  of  the  acid ;  hence  the  neceHsity 
for  adding  an  excess  of  hydrogen  peroxide. 

A  modification  of  tliis  method  lias  been  adopted  by  Ibbotson  and 
Breariey  (C.  N.  btxxiv.  247), 

These  authors  consider  that  the  reduction  of  the  permanganate 
during  and  after  filtration  is  caused  by  the  presence  of  carbon.  It  is 
therefore  essential  to  complete  the  oxidation  of  the  carbon  in  hot 
solution,  and  should  certainly  be  done  with  high  carbon  steels.  The 
method  geneially  adopted  by  them  is  as  follows ; — 

IHssolve  I'l  gm.  of  the  metal  in  36  c.c.  of  1'20  nitric  acid,  and  then  add 
bismuthale  a  little  at  a  time  to  the  somewhat  cooled  solution  until  a  permanganate 
oolour  persists,  or  on  boiling  is  decomposed  to  manganic  oxide.  Clear  up  tlie 
permanganate  or  the  dioxide  precipitate  with  a  little  hydrogen  peroxide, 
sulphurous  acid,  or  ferrous  sulphate  free  from  manganese.  Cool  the  solution, 
and  add  about  10  c.c.  of  water  and  a  considerable  excess  of  bismutbate. 
Filter,  wash  with  dilute  (3  or  4  per  cent.)  nitric  acid,  and  titrate  with  *'/io 
permanganafe. 

Unlike  hydrogen  peroxide,  the  excess  of  ferrous  sulphate  does  not  react  with 
ferric  nitrate,  and  is  therefore  preferable.  It  can  be  safely  used  in  cold  nitticacid 
solutions  as  above,  if  the  titration  is  not  needlessly  delayed.  Molybdenum, 
titanium,  and  vanadium  do  not  interfere  in  this  modification  at  they  do  in 
Eamage's  process.  If  chromium  be  present,  it  is  liable  to  be  slowly  but 
completely  oxidized  by  bismuthate  to  chromic  acid,  thus  giving  high  results 
for  manganese.  The  bismuthate  should  therefore  be  added,  and  the  solution 
shaken  and  filtered  quickly.  The  presence  of  tungsten  introduces  no  error ; 
but  in  steels  containing  much  tungsten,  and  particularly  in  chrome  tungsten 
steels,  the  precipilste  has  a  tendency  to  pass  the  filter.  The  joint  presence 
of  tungsten  and  hydroQuorio  acid  causes  the  results  to  be  hi^b  and  very 
erratic,  so  the  hydrofluoric  acid  should  be  previously  driveu  off  with  sulphuric 

A  simplification  of  Roddrop  and  Ramage's  process  liaa  been  mado 
by  Dufty  (0.  N.  Ixxxiv.  248.)  for  use  in  iron  works. 
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Th[s  colorimetria  process  iji  as  fallows : — The  nitrio  aoid  solution  is  tntnsferrad 
(»fter  the  carbon  hag  beeo  eatimaled  by  the  Eggerti  method)  to  ■  graduated 
stoppered  teat-miier,  the  carboa  tube  being  rinsed  out  into  the  mixer,  and  the 
solution  then  made  up  to  a  deBnite  volume  with  nitric  acid  (ep.  gr.  1'20,  is  used 
tbioughout).  A.  standard  steel,  of  known  Mn  contenle,  is  tmted  in  like  manner, 
being  diluted  to  the  eame  volutne  aa  the  sample.  Equal  quantitiee  of  binnuthate 
are  Uien  added  through  a  drj  funnel,  and  the  contents  thoroughly  mixed,  the 
mixing  beii^  repeated  five  minutes  later.  After  being  allowed  to  settle  in  a 
dark  cupboard,  which  UBually  takes  about  thirty  minutes,  measured  quantatiea 
of  the  clear  pink  solutions  are  transferred  bj  means  of  a  pipelt«  to  stoppered 
carbon  tubes,  and  the  colours  compared  in  the  usual  manner. 

In  praotice  it  has  been  found  most  convenient  to  weigh  out  O'l  gm.  of  steel, 
dissolving  in  S  or  3  c.c.  HNOj,  according  te  carbon  contenta,  and  after  (be 
carbon  is  estimated  transferring  to  25  c.c.  test-mixers,  and  diluting  with  UNOg 
to  20  c.c.  if  the  manganese  be  under  0'8  per  cent.,  or  to  26  c.c.  if  over  that 
percentage.  02  gm,  btsmuthate  is  then  added  to  each  tube,  and  after  mixing 
and  allowing  to  settle,  exactly  6  c.c.  are  transferred  to  the  comparing  tubes,  the 
Btondald  being  diluted  to  a  convenient  tint  for  oomjarison  {e^.,  0'82  standard  to 
16'4  c.c).  The  standard  used  for  the  carbon  estimation  may  coavenienlly  be 
used  for  determining  the  manganese,  and  one  standard  solution  will  serve  for  a 
batch  of  determinations  as  in  colour-carbon. 

The  above  modification  of  the  "  bismuthate  process  "  has  been  used 
for  some  time  with  satisfaction.  For  steel  works  witb  Siemens 
or  Bessemer  plant,  where  a  large  number  of  analyses  have  to  be 
made  as  rapidly  as  possible,  the  advantages  of  this  modification 
over  the  original  volumetric  process  are  obvious  ;  a  considerable  saving 
in  time  not  only  being  efiected,  hut  90  per  cent,  less  "biamuthate"  is 
required  for  each  estimation. 

1.    Estdmatioii  of  Hanganeae  in  small  quEULtitdes  (Obatard). 

This  method  depends  upon  the  production  of  permanganic  acid  by 
the  action  of  nitric  acid  and  lead  peroxide,  originally  used  by  Crum 
as  a  qualitative  test.  The  accuracy  of  the  process  as  a  quantitative 
one  can,  however,  only  be  depended  on  when  the  quantity  of 
manganese  is  very  small,  such  as  exists  in  some  minerals,  soils,  etc. 

The  material  to  be  examined  is  dissolved  in  nitric  acid  and  boiled 
with  lead  peroxide,  by  which  means  any  manganese  present  is  con- 
verted to  permanganate  ;  the  quantity  so  produced  is  then  ascertained 
by  a  weak  fresldy  made  standard  solution  of  oxalic  acid  or 
ammonium  oxalate. 

The  process  gives  good  results  in  determining  manganese  in 
dolomites  and  limestones,  where  the  pro[>ortions  amount  to  from 
,^  to  2  per  cent.  In  lai^er  quantities  the  total  conversion  of  the 
manganese  cannot  be  depended  on. 

Thorpe  and  Hambly  (J.  C.  S.  liii.  182)  found  that  the  final  point 
in  the  titration  with  ammonium  oxalate  was  apt  to  be  oliscurcd  by  the 
precipitation  of  lead  carbonate,  and  they  suggest  a  modification  which 
consists  in  using  some  lUlute  sulphuric  acid  with  the  lead  peroxide  and 
nitric  acid  during  the  oxidation  of  the  manganese  ;  no  lead  then  passes 
into  solution,  and  the  filtered  liquid  remains  perfectly  clear  on  titration. 
These  operators  found  the  method  quite  trustworthy  for  quantities  of 
manganese  below  0-1  gm.,  and  carried  out  as  follows : — 


;,  V^nO 


lo^ie 


244  VOLUMETRIC    ANALYSIS.  §  68. 

Method  op  Pbocedcse  :  To  the  nuD^nebe  mlutioD,  which  miut  be  Tree 
from  chlorine  and  not  too  dilute,  raj  about  25  c.c.  add  5  c.o.  of  nitric  acid  (sp. 
gr.  r4),  2-8  fjm.  of  lead  peroiide,  and  10-20  c.c.  of  dilute  sulphuric  acid 
(1  :  2).  Boil  geatlv  for  about  four  minutes,  waah  down  the  sides  of  the  flask 
with  hot  wat«r,  aad  continue  the  liailing  for  half  a  minute.  Allow  the  lead 
sulphate  and  peroxide  to  subside  and  filter  at  once  (be«t  with  filt«r  pump  through 
asbestos,  previously  iKnited  and  washed  >rith  dilute  U^O,).  Wash  the  residue 
in  flask  with  boilin);  water  by  decanlation,  heat  the  clesr  filtrate  to  60°  C,  and 
titrate  with  ^lio  ammonium  oxalate. 


Peters  avails  luDiself  of  this  method  for  estimating  manganese  in 
pig  iron  or  steel,  liy  weighing  O'l  gni.  of  the  sauiple  and  boiling  in  3 
or  4  c.c.  of  nitric  acid  until  solution  of  the  metal  is  complete,  adding 
0-2  or  03  gm.  PbO~  and  again  boiling  fur  two  or  three  minutes, 
without  filtering  off  the  insoluble  grapbit*,  if  such  should  be  present. 
The  solution  is  then  cooled,  filtered  through  asbestos  into  a  suitable 
graduated  tube,  and  the  colour  compared  witli  a  standanl  solution  of 
permanganate  contained  in  a  similar  tube. 

The  standard  permanganate  is  best  made  by  diluting  1  c.o.  of  "/jo 
solution  with  109  c.c.  of  water  ;  each  c.c,  will  then  represent 
©■OOOOl  gm.  Mn,  It  has  been  previously  mentioned  tliat  aecuiate 
results  by  this  method  can  only  be  obtained  by  using  very  small 
quantities  of  material,  Peters  finds  this  to  be  the  case,  and  hence 
recommends,  that  for  irons  containing  from  O'lO  to  0'35  i>er  cent,  of 
Mn,  O'l  gm.  should  he  operated  upon ;  when  from  0-8  to  1  per  cent. 
is  present,  0-1  gm.  of  the  sample  is  weighed,  and  one-fourth  of  the 
solution  only  treated  with  PhOj  ;  in  still  richer  samples  proportional* 
quantities  must  be  taken.  As  a  guide,  it  is  well  to  assume,  that  when 
Uie  amount  of  iron  taken  yields  a  colour  equal  to  2.^-35  c.c.  of  the 
standard,  the  whole  of  the  Mn  is  o.\idized.  The  actual  amount  of 
manganese  in  any  teat  should  not  exceed  half  a  milligram  (C.  N 
«xiii.  .t5). 

6.    Teohnioal  Examination  of  Uanganese  Ores  tieed  for 
Bleaching  Fuxposes,  eto. 

The  ore,  when  powdered  and  dried  for  analysis,  rapidly  absorbs 
moisture  on  exjweing  it  to  the  air,  and  consequently  has  to  be  weighed 
quickly ;  it  is  better  to  keep  the  powdered  and  dried  sample  in  a  small 
light  stoppered  bottle,  the  weight  of  which,  with  its  contents  and 
stopper,  is  accurately  known.  About  1  or  2  gm.  or  any  other  quantity 
within  a  trifle,  pah  he  emptied  into  the  jumper  vessel  for  analysis,  and 
the  exact  quantity  found  by  reweighing  the  bottle, 

A  hardened  steel  or  agate  mortar  must  be  used  to  reduce  the 
mineral  to  the  finest  jxisttible  jiowder,  so  as  to  insure  its  complete  and 
rapid  decomposition  by  the  hydrochloric  acid. 

Considerable  discussion  has  occunwl  as  to  the  best  processes  for 
estimating  the  available  oxygen  in  matiganese  ores,  arising  from  the 
fact  that  many  of  the  ores  now  occurring  in  the  market  contain  iron 
in  the  ferrous  state ;  and  if  such  ores  be  analyzed  by  the  usual  iron 
method  with  hydrochloric  acid,  a  poriiion  of  the  chlorine  produced  is 
employed  in  oxidizing  the  iron  contained  in  the  original  ore.     Such 
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ores,  if  exainmed  hy  Fresenius  and  Wills'  method,  show  therefore 
a  higher  percentage  thsn  by  the  iron  method,  since  no  such  con- 
aumptioti  of  chlorine  occurs  in  the  former  process.  Manufacturers 
have  therefore  refused  to  accept  certificates  of  analysis  of  such  ores 
when  based  on  Fresenius  and  Wills'  method.  This  renders  the 
volumetric  processes  of  more  importance,  and  hence  various  experi- 
ments have  been  made  to  ascertain  their  possible  sources  of  error. 

The  results  show  that  the  three  following  methods  give  very 
Batisfactory  results  (see  Scherer  and  Kumpf,  C.  N.  xx.  302;  also 
Pattinson,  ibid.  xxi.  266;  and  Paul,  xxi.  16). 

6.    Direct  Aualysia  by  Distillation  with  Hydrochloric  Acid. 

This  is  the  quickest  and  most  accurat«  method  of  finding  the 
quantity  of  available  oxygen  present  in  any  of  the  ores  of  manganese 
or  mixtures  of  them.  It  also  possesses  the  recommendation  that  the 
quantity  of  chlorine  which  they  liberate  is  directly  expressed  in  the 
analysis  itself ;  and,  further,  gives  an  estimate  of  the  quantity  of 
hydrochloric  acid  required  for  the  decomposition  of  any  particular 
sample  of  ore,  which  is  a  matter  of  some  moment  to  the  manu- 
facturer of  bleaching  powder. 

The  apparatus  for  the  operation  may  he  those  shown  in  figs.  39  or 
40.     For  precautions  in  conducting  the  distillation  see  §  39. 

Method  of  Pbocbsdbk  :  In  order  that  the  percenbiKe  of  dioxide  riull  be 
directly  exprened  by  the  numtwr  of  c.c.  of  "Iiq  tbioeiupbate  solution  used, 
0'430  g.m.  of  the  properly  dried  and  powdered  sample  ia  weighed  and  put  into 
the  little  flaek ;  solution  of  potosBinm  iodide  in  sufficient  quuitity  to  absorb  all 
the  iodine  let  free  is  put  into  the  tai^  tube  (if  the  solution  containing  A  oq-  or 
83'2  gm.  in  the  liter  be  uwd,  about  70  or  80  c.c.  will  in  ordinary  cases  be 
sofficient}  i  very  strong  hydrochloric  acid  is  then  poured  into  the  distilling  flask, 
and  the  operation  conducted  as  in  g  89.  Each  equivalent  of  iodine  liberated 
represenU  1  eq.  CI,  also  I  eq,  MnO,. 

Instead  of  using  a  definite  weight,  it  is  well  to  do  as  before 
proposed,  namely,  to  pour  about  the  quantity  required  out  of  the 
weighed  sample-bottle  into  the  flask,  and  find  the  exact  weight 
afterwards. 

Barlow  {C.  N.  Uii.  41)  records  a  good  method  of  separating 
Mn  from  the  metals  of  its  own  group  as  well  as  from  alkalies  and 
alkaline  earths. 

For  the  quantitative  estimation  of  Fe  and  Mn  in  the  same  solution 
as  chlorides  (otlier  metals  except  Cr  and  Al  may  be  present,  but  best 
absent),  solution  of  NHjCl  is  first  added,  then  strong  NH,HO  in 
excess,  boil,  then  hydrogen  peroxide  so  long  as  a  precipitate  foils,  boil 
for  a  few  minutes,  filter,  wash  with  hot  water,  ignite,  and  weigh  the 
mixed  oxides  together  as  Fe^O,  +  MnjO^. 

The  oxides  are  then  distilled  with  HCl,  and  the  amount  of  iodine 
found  by  thiosulphate. 

The  weight  of  mixed  oxides,  minus  the  MujO^,  gives  the  weight 
of  FcjOg. 

Pickering  (/.  C.  S.  1880,  128)  has  pointed  out  that  pure 
manganese  oxides,  freshly  prepared,  or  the  dry  oxides  in  very  fine 
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powder,  may  be  rapidly  estimated  without  dtatillation  by  merely 
afkling  them  to  a  large  excess  of  potassium  iodide  solution  ia  a  beaker, 
running  in  2  or  3  c.c.  of  hydrochloric  aciil,  when  the  oxides  are 
immediately  attacked  and  decomposed;  the  liberated  iodine  ia  then 
at  once  titrated  with  thiosulphate.  Impure  oxides,  containing 
especially  ferric  oxide,  cannot  however  be  estimated  in  this  way, 
since  the  iron  would  have  the  same  effect  as  manganic  oxide ;  hence 
distillation  must  be  resorted  to  in  the  case  of  all  such  ores,  and  it  is 
imperative  that  the  strongest  hydrocliloric  acid  should  be  used. 

Pickering's  modified  process  is  well  adapted  to  the  examination  of 
the  Weldon  mud,  for  its  available  amount  of  manganese  dioxide. 

7.    EstimatioD  by  Oxalic  Aold. 

The  very  finely  powdered  ore  is  mixed  with  a  known  volume  of 
normal  oxalic  acid  solution,  sulphuric  acid  added,  and  the  mixture 
heated  and  well  shaken,  to  bring  the  materials  into  intimate  contact 
and  liberate  the  CUj,  When  the  wliole  of  the  ore  is  decomposed, 
which  may  be  known  by  the  absence  of  brown  or  black  sediment, 
the  contents  of  the  vessel  are  made  up  to  a  definite  volume,  say 
300  CO.,  and  100  c.c.  of  the  dirty  milky  fluid  well  acidified,  diluted, 
and  titrated  fur  the  excess  of  oxalic  acid  by  permanganate.  If,  in 
consequence  of  the  impurities  of  the  ore,  the  mixture  bo  brown  or 
reddish  coloured,  this  would  of  course  interfere  with  the  indication  of 
the  permanganate,  and  consetjuently  the  mixture  in  this  case  must  be 
filtered ;  the  300  c.c.  are  therefore  well  shaken  and  poured  upon  a 
large  filter.  When  about  100  c.c.  have  passed  through,  that  quantity 
can  be  taken  by  the  pipette  and  titrated  as  in  the  former  case. 

If  the  solution  be  not  dilute  and  freely  acid,  it  will  be  found  that 
the  permanganate  produces  a  dirty  brown  colour  instead  of  ite  well- 
known  bright  rose-red ;  if  the  first  few  drops  of  [lermanganate 
produce  the  proper  colour  immediately  they  are  added,  the  solution  is 
sufficiently  acid  and  dilute. 

If  4'357  gm.  of  the  ore  be  weighed  for  analysis,  the  number  of  c.c. 
of  normal  oxalic  acid  will  give  the  j>ercentage  of  dioxide  ;  but  as  that 
is  ratlier  a  large  quantity,  and  takes  some  time  to  dissolve  and  de- 
compose, half  the  quantity  may  be  taken,  when  the  percentage  is 
obtained  by  doubling  the  volume  of  oxalic  acid. 

This  process  po.=isesses  an  advantage  over  the  following,  inasmuch  as 
there  is  no  fear  of  false  results  occurring  from  the  presence  of  air. 
The  anEilysis  may  be  broken  off  at  any  st^e,  and  resumed  at  the 
operator's  convenience. 

8.    Estimation  by  Iron. 

The  most  satisfactorj'  form  of  iron  ia  soft  "flower"  wire,  wliich  is 
readily  soluble  in  sulphuric  acid.  If  a  perfectly  dry  and  unoxidized 
double  iron  salt  1)e  at  hand,  its  use  saves  time.  1  moL  of  this  8alt  = 
392,  representing  43'5  of  MnOj,  consequently,  1  gm.  of  the  latter 
requires  9  gm.  of  the  double  salt ;  or  in  order  that  the  percentage 
shall  be  obtained  without  calculation,  1*111  gm.  of  ore  may  be  weighed 
and  digested  in  the  presence  of  free  sidphuric  acid,  with  10  gm.  of 
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double  iron  salt,  the  whole  of  which  would  be  required  supposing  the 
Bample  were  pure  dioxide.  The  undecomposed  iron  salt  remaining  at 
the  end  of  the  reaction  is  estimated  by  permanganate  or  bicliromste ; 
the  quantity  so  found  is  deducted  from  the  original  10  gm.,  and  if  the 
remainder  be  multiplied  by  10  the  percentage  of  dioxide  is  gained. 

Instead  of  thie  plan,  which  necessitates  exact  weighing,  any 
convenient  quantity  may  be  taken  from  the  tared  bottle,  as  before 
described,  and  digested  with  an  excess  of  double  salt,  the  weight  of 
which  is  known.  After  the  undecomposed  quantity  is  found  by 
permanganate  or  bichromate,  the  remainder  is  multiplied  by  the  factor 
O'lll,  which  gives  the  proportion  of  dioxide  present,  whence  the 
percentage  may  he  calculated. 

The  decomposition  of  the  ore  may  be  made  in  any  of  the  apparatus 
used  for  titrating  ferrous  iron.  The  ore  is  first  put  into  the 
decomposing  flaek,  then  the  iron  salt  and  water,  bo  as  to  dissolve  the 
salt  to  some  extent  before  the  sulphuric  acid  is  added.  Sulphuric  acid 
should  be  used  in  considerable  excess,  and  the  flask  heated  by  the 
spirit  lamp  till  all  the  ore  is  decomposed;  the  solution  is  then 
cooled,  diluted,  and  the  whole  or  part  titrated  with  permanganate 
or  bichromate. 

In  the  case  of  using  ^/it>  bichromate  for  the  titration,  the  following 
plan  is  convenient: — lOOc.c.  of  "/k,  bichromate  =  392  gm.  of  double 
iron  salt  (supposing  it  to  be  perfectly  pure),  therefore  if  0'436  gm.  of 
the  sample  of  ore  be  boiled  with  392  gm.  of  the  double  salt  and 
excess  of  acid,  the  number  of  c.c.  of  bichromate  required  deducted 
from  100  will  leave  the  number  corresponding  to  the  percentage. 

UEBCUBT. 

Hg  =  200. 

1  C.C.  »/,o  solution  =  00200  gm.  Hg. 

=  0-0208  gm.  Hg^O 
=  0'0271  gm.  HgCL 
Double     iron    salt    x  0'5104  =  Hg. 

X  0-6914  =  HgClj 

1.    Precipitation  as  Herourous  Chloride. 

§  69.  The  solution  to  be  titrated  must  not  be  warmed,  and  must 
contain  the  metal  only  in  the  form  of  protosalt.  "/k,  sodium  chloride 
is  added  in  slight  excess,  the  precipitate  washed  with  the  least  possible 
quantity  of  water  to  ensure  the  removal  of  all  the  sodium  chloride ; 
to  the  filtrate  a  few  drops  of  chromate  indicator  are  added,  then  pure 
sodium  carbonate  till  the  liquid  is  of  a  clear  yellow  colour,  "/lo  silver 
is  then  delivered  in  till  the  red  colour  occurs.  The  quantity  of 
sodium  chloride  ao  found  is  deducted  from  tliat  originally  used,  and 
the  diflferenee  calculated  in  the  usual  way. 

2.    By  Ferrous  Oxide  and  Permanganate  (Mohr), 
This   process  is  based  on  the   fact  that   when  mercuric   chloride 
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(coiToaive  sublimate)  is  brought  in  contact  with  an  alkaline  solution 
of  ferrous  oxide  in  excess,  the  latter  is  converted  into  ferric  oxide, 
while  the  mercuric  is  reduced  to  mercuroua  chloride  (calomel).  The 
excess  of  ferrous  oxide  is  then  found  by  permanganat«  or  hicliromate — ■ 

2HgClg  +  2FeCl2=HgjCli  +  Fe^Clg. 

It  is  therefore  advisable  in  all  cases  to  convert  tlie  mercury  to  be 
estimated  into  the  form  of  sublimate,  by  eva|x>rating  it  to  dryness 
with  nitro-hyilrochloric  acid ;  this  must  take  place,  however,  below 
boiling  heat,  as  vapours  of  cliloride  escape  with  steam  at  100°  C. 
(F,..e„i,,.). 

14'itric  acid  or  free  chlorine  must  be  altogether  absent  during  the 
decomposition  with  the  iron  protosalt,  otherwise  the  residual  titration 
will  be  inexact,  and  the  quantity  of  the  iron  salt  must  be  more  than 
sufficient  to  absorb  half  the  chlorine  in  the  sublimate. 

EuHPLE. — 1  gm.  of  pure  HgClg  wsa  ditnolTed  iu  irsrm  w^ter,  and  3  gm.  of 
double  iron  uit  added,  then  wmtion  of  caaitic  soda  till  freelj  aHialine.  The 
mixture  became  muddj  and  dark  in  colour,  and  was  well  shiiken  for  &  few 
miDUtes,  then  Bbdium  chloride  and  sulphuric  acid  added,  continuinii;  the  shaking 
till  the  colour  disappeared  and  the  precipitate  of  feme  oiLde  dinsolved,  leaving 
the  calomel  white;  it  was  then  diluted  to  300  c.c,  filtered  through  a  dry  filter, 
and  100  o.c.  titrated  with  '^/lo  permanuanate,  of  which  132  c.c.  were  required — 
13'2 1 3  —  39'6,  which  deducted  from  76  5  c.c.  (the  quantity  required  for  3  gm. 
double  iron  silt),  left  36'9  c.c.  =  l'447  gm.  of  undecompc^ed  iron  salt,  which 
multiplied  by  the  factor  06914.  gave  10005  gm.  of  sublimate,  ins(«*d  of  1  gm., 
or  the  36-9  c.o.  may  be  multiplied  by  the  "lio  factor  for  mercuric  chloride, 
which  will  give  I  gm.  exactly. 

8.    By  Iodine  and  Thioaulpliate  (Hempel). 

If  the  mercury  exist  as  a  protosalt  it  is  precipitated  by  sodium 
„  chloride,  the  precipitate  well  washed  and  tf^ether  with  its  filter 
pushed  through  the  funnel  into  a  stoppered  flask,  a  sufllicient  quantity 
of  potassium  iodide  added,  together  with  "/lo  iodine  solution  {to  1  gm. 
of  calomel  about  26  gm.  of  iodide,  and  100  c.c.  of  "^/m  iodine),  tho 
flask  closed,  and  shaken  till  the  precipitate  has  dissolved — 

HgjCIj  +  6KI  +  21 =2HgKaI^  +  2KGI. 
The  brown  solution  is  then  titrated  with  "/jo  thiosulphate  till  colour- 
less, diluted  to  a  definite  volume,  and  a  measured  portion  titrated 
with  "^/lo  iodine  and  starch  for  the  excess  of  thiosulphate.     1  c.c. 
"/io  iodine=0'02  gm.  Hg. 

Where  the  mercurial  solution  contains  nitric  acid,  or  the  metal  exists  as 
peroxide,  it  may  be  converted  into  protochloride  by  the  reducing  action  of 
ferrous  xulphate,  as  in  Mohr's  method.  The  solution  must  contain  hydro- 
chloric acid  or  common  salt  in  sufficient  quantity  to  transform  all  the  mercury 
into  calomel.  At  least  three  times  the  weight  of  mercury  present  of  ferroun 
sulphate  in  solution  is  to  be  ulded,  then  caustic  soda  in  excess,  the  muddy  liquid 
well  shaken  for  a  few  minutes,  then  dilute  sulphuric  acid  added  in  excess,  and 
the  mixture  stirred  till  the  dark-coloured  precipitate  has  become  perfectly  white. 
The  calomel  so  obtained  is  collected  on  a  filter,  well  washed,  and  titrated  with 
*'/io  iodiue  and  thiosulphate  as  above. 

C.  Beichard  has  recommended  the  following  method  of  estimating  mercury 
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(Z.  a.  C.  1898,  749).  A  weighed  qiwntity  of  the  mercury  oompound  ia  dissolved 
and  coDverted  into  nerourj  aneni&te  by  bailing  with  atundsrd  ar^eniout  Mud 
and  caustic  soda  in  exoe<vi.  MetiUio  mercur/  is  precipitated  as  a  blulc  powder. 
This  is  filtered  and  washed,  and  the  amount  of  unoxidized  arsenlous  add  in  the 
filtrate  is  found  by  titration  with  stAndard  iodine  in  the  usual  way. 

4.    As  Mercuric  Iodide  (Personne)  Compt.  Bend.  .Ivi.  68. 

This  process  is  founded  on  the  ^t  that  if  a  solution  of  mercuric 
chloride  be  added  to  one  of  potassium  iodide,  in  the  proportion  of  1 
equivalent  of  the  former  to  4  of  the  latter,  red  mercuric  iodide  is 
formed,  which  dissolves  to  a  colourless  solution  until  the  balance  is 
overstepped,  when  the  brilliant  red  colour  of  the  iodide  appears  as  a 
precipitate,  which,  even  in  the  smallest  quantity,  communicates  its 
tint  to  the  liquid.  The  mercuric  solution  must  always  be  added  to 
the  iodide ;  a  reversal  of  the  process,  though  giving  eventually  the 
same  quantitative  reaction,  is  nevertheless  much  less  speedy  and 
trustworthy.  The  mercurial  compounds  to  be  estimated  by  this 
process  must  invariably  be  brought  into  the  form  of  neutral  mercuric 
chloride. 

The  standard  solutions  required  are  decinormal,  made  as  follows : — 

Solution  of  potassium  iodide.^33'2  gm.  of  pure  salt  to  1  liter. 
1  c.c.=0-01  gm.  Hg.  or  0-01355  gm.  HgCl^. 

Solution  of  mercuric  chloride. —  ISbSl  gm.  of  the  salt,  with  about 
30  gm.  of  pure  sodium  chloride  (to  assist  solution),  are  dissolved  to 
1  liter.     1  c.c.=0-l  gm.  Hg. 

Method  of  Pbocbdubb:  The  converaioo  of  various  Forma  ot  mercury  into 
mercuric  chloride  is,  according  U>  Pereonne,  best  effected  by  beating  with 
caustic  soda  or  potash,  and  passing  chlorine  gas  into  the  mixture,  which  is  after- 
wards boiled  to  expel  eioeaa  of  chlorine  (the  mercuric  chloride  is  not  volatile  at 
boiling  temperature  when  associated  with  alkaline  chloride).  The  solution  ia 
then  cooled  and  diluted  to  a  gisen  volume,  placed  in  a  burette,  and  delivered  into 
a  measured  volume  ot  the  .decinormal  iodide  until  the  characteristic  colour 
occurs.  It  is  preferable  to  dilute  the  mercuric  solution  considerably,  and  make 
up  to  a  given  measure,  aay  300  or  600  c.c. ;  and  as  a  preliminary  trial  take  20 
o.c.  or  so  of  iodide  solution,  and  titrate  it  with  the  mercuric  solution  approxi- 
mately with  a  graduated  pipette ;  the  exact  strength  may  then  be  found  by  using 
a  burello  of  suffident  eiie. 

6.    By  FotasBlum  Cyanide  (Halnnay). 

This  process  is  exceedingly  valuable  for  the  estimation  of  almost  all 
the  salts  of  mercury  when  they  occur,  or  can  be  separated  in  a 
tolerably  pure  state.  Organic  compounds  are  of  no  consequence 
unless  they  affect  the  colour  of  the  solution. 

The  method  depends  ou  the  fact  that  free  ammonia  produces  a 
precipitate,  or  (when  the  quantity  of  mercury  is  very  small)  an 
opalescence  in  mercurial  solutions,  which  is  removed  by  a  definite 
amount  of  potassium  cyanide. 

The  delicacy  or  the  reaction  is  interfered  with  by  excessive 
quantities  of  ammoniacal  salts,  or  by  caustic  soda  or  potash ;  but  this 
difficulty  is  lessened  by  the  modification  suggested  by  Tuson  and 
Neison  (J.  C.  S.  1877,  679), 
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Chapman  Jones  {J.  C.  S.  Ixi.  364)  liaa  further  modified  the 
proceBs  80  ae  to  make  it  easier  to  detect  the  end-point,  and  fiays  of  llie 
method  as  worked  by  Tuson  and  ^'eison  :  "Their  general  method 
consists  in  dissolving  the  mercury  compound  in  acid,  ae  may  be  con- 
venient, adding  a  little  ammonium  chloride,  and  then  potassium 
carbonate,  until  on  opalescent  precipitate  appears.  The  cyanide 
solution  is  then  added.  They  give  experiments  allowing  the  tniat- 
worthinese  of  the  process  as  applied  to  the  nitrate,  sulphate,  acetate, 
oxalate,  sebate,  and  citrate  of  mercury ;  and  state  that  the  presence  of 
nitrates,  sulphates,  chlorides,  acetatcH,  oxalates,  citrates,  and  butytates 
of  [jotassium,  sodium,  calcium,  and  magnesium,  and  organic  matter  as 
far  as  tested,  does  not  interfere  with  the  accuracy  of  the  method. 

From  my  experience,  I  cannot  aflirm  that  these  methods  of  working 
are  satisfactory.  There  is  considerable  uncertainty  as  to  the  end  of 
the  reaction,  because  less  potassium  cyanide  will  effect  a  clearance  if 
longer  time  is  allowed. 

These  difficulties  and  uncertainties  can,  I  find,  be  entirely 
eliminated,  and  the  process  reduced  to  a  series  of  operations  which 
are  comparatively  simple  and  rapid,  by  performing  the  titration  in  an 
entirely  different  manner  from  either  variation  suggested  by  the 
authors  referred  to.  I  employ  a  solution  of  mercuric  chloride  contain- 
ing O'Ol  gm.  of  metal  per  c.c,  and  a  solution  of  crystallhed  potassium 
cyanide  made  by  dissolving  7  gm.  to  the  liter,  the  exact  value  of 
which  is  found  by  titrating  it  gainst  the  mercury  solution.  Strong 
ammonia  diluted  to  ten  times  its  bulk,  and  some  diluted  to  fifty  or  a 
hundred  times  its  bulk,  are  convenient. 

'  Method  of  Pgocbdvbe:  Itthe  nercuiy  eolution  Ib  not  Hi  forli(r>tioD,tb» 
m^tftl  is  precipitated  t»  Rulphide,  which,  after  washing,  is  washed  off  the  filter  and 
allowed  toeubeide;  the  clear  water  u  then  decanled  off,  and  agua  mgia  aAdti  to 
the  moist  renidue.  The  preripitate,  wilh  the  paper  it  is  on,  mig^bt  duubtlexs  Ik 
treated  direct  with  a^va  ngia,  as  Tu?on  and  Kelson  found  that  organic 
matter.  Bo  far  as  they  tried  it,  does  not  influence  the  result.  To  avoid  the 
podsibility  of  volatilizing  the  mercury  »lt,  the  aqta  regia  is  allowed  to  act  in 
the  cold.  In  a  few  hoiuf.  samelimes  in  far  less  time,  the  residue  iii  of  a  pale 
yellow  colour,  and  the  rolutioD  may  be  diluted  and  filtered.  The  solution,  or  an 
aliquot  pait  of  it,  is  then  coloured  distinctly  with  litmus  treated  with  succeraivo 
small  quantities  of  powdered  potassium  carbonate  until  alkaline,  warming  but 
Kli^hlly,  and  then  rendered  just  acid  with  dilute  hydrochloric  acid,  with 
subsequent  boiling  to  remove  the  CO;,  Tlie  mercury  is  not  precipitated  at  all, 
unlew  the  CO,  is  boiled  out  before  acldiftcation.  After  cooling,  the  dilutes! 
ammonia  mentioned  above  ia  added,  a  drop  at  a  time,  until  the  litmus  in  the 
solution  shows  that  the  eice^a  of  acid  is  very  flight,  or  in  just  insufficient 
quantity  to  produce  a  permanent  precipitate.  A  quantity  of  cyanide  solution, 
which  in  Icnown  to  be  in  excefK  of  that  required,  is  added,  and,  as  a  guide  for  the 
first  titration,  the  ammonia  may  be  added  until  a  slight  precipitate  is  produced, 
and  cjranide  until  the  solution  is  cleared.  Two  or  three  drops  (not  more)  of  the 
]  in  10  ammonia  are  introduced,  and  then  more  of  the  mercury  solution  is  added 
until  the  permanent  turbidity  produced  matches  that  obtained  by  adding  O'l  c.c 
of  the  mercury  solution  to  about  the  ?aine  bulk  of  water  as  the  test,  and 
containing  approximately  the  same  amounts  of  litmus  and  free  ammonia.  Each 
drop  o(  the  mercury  solution  added  produces  its  maximum  turbidity  in  a  few 
seconds,  and  it  can  be  seen  at  a  glance,  it  the  flasks  are  properly  placed,  whether 
this  turbidity  is  equal  to  or  less  than  the  standard.  In  a  few  seconds  more  it  ia 
quite  obvious  whether  ttie  turbidity  is  permanent  or  is  growing  less.    Too  much 
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free  smmonui  causes  the  precipitate  to  clot  toother,  and  go  vitiates  the  result. 
The  preseDce  of  the  litmus  tends,  in  my  experieuoe,  t«  lessen  the  error  due  to 
lbs  Tuiation  in  the  state  of  ag^r^^tioa  oF  the  precipitate  when  too  much 
Ammonia  haa  been  added.  The  turbidities  so  obtained  will  remain  apparently 
unchanged  for  many  hours.  The  01  c.c.  excess  of  mercury  solution  is  M  course 
allowed  for  in  tbe  calculation." 

VICEEL. 

§  70.  Thb  best  method  for  the  eetimation  of  this  metal 
vol  lime  trically  ia  that  of  T.  Moore  (C.  N.  Ixxii,  92),  whose  descrip- 
tion of  the  method  ia  as  follows  : — 

"  If  to  an  ammottiacal  solution  of  nickel  containing  Agl  in 
suspension  (silver  iodide  being  almost  insoluble  in  weak  ammonia) 
there  is  added  potassium  cyanide,  the  solution  will  remain  turbid  so 
long  as  all  the  nickel  is  not  converted  into  the  double  cyanide  of 
nickel  and  potassium,  the  slightest  excess  of  cyanide  being  indicated 
by  the  clearing  up  of  the  liquid,  and  furthermore,  this  excess  may  be 
exactly  determined  by  adding  a  solution  of  silver  until  the  turbidity 
is  reproduced.  It  is  a  fortunate  circumstance  that  the  complicated 
side-reactions  existing  in  Parke's  copper  assay  do  not  appear  to  take 
place  with  nickel  solutions,  at  least  not  when  the  temperature  is  kept 
below  20°  C.  This  is  fully  borne  out  by  the  fact  that  the  cyanide 
may  be  standardized  on  either  silver  or  nickel  solutions  with  equal 
eicactness.  In  practice  it  has  been  found  best  to  proceed  in  the 
following  manner  :— 

Stant^rd  solution  of  silver  nitrate,  containing  about  3  gm.  of  silver 
per  liter.     The  strength  of  this  solution  must  be  accurately  known. 

Potassium  iodide,  10  per  cent,  solution. 

Potassium  cyanide,  22  to  25  gm.  per  liter.  This  solution  must  be 
tested  every  few  days,  owing  to  its  liability  to  change. 

Standardizing  tha  Cyanide  Solution.— This  may  be  accomplished 

in  two  ynjf;  (a)  on  a  eolution  of  nickel  of  known  metallic  coDtents,  or  (fi)  on 
the  silver  solution. 

{a)  First  accLualely  establish  the  relation  of  the  cyanide  to  the  silver  solution, 
by  running  into  a  beaker  3  or  4  cc.  of  the  former ;  dilute  this  with  about  150  o.o. 
of  water,  render  slightly  alkaline  with  ammonia,  and  then  add  a  few  drops  of 
the  potsssium  iodide.  Now  carefully  run  in  the  sUver  soluUon  until  a  faint 
permanent  opalescence  is  produced,  which  is  finally  caused  to  disappear  by  the 
further  addition  of  a  mere  trace  of  cyanide.  The  respective  volumes  of  the 
silver  and  cyanide  solutions  are  then  read  off,  and  the  equivalent  in  cyanide  of 
1  c.c.  silver  solution  calculated.  A  solution  containing  a  known  quantity  of 
nickel  U  now  required.  This  must  have  sufficient  free  acid  pre^nC  to  prevent 
the  formation  of  any  precipitate,  on  the  subsetjuent  addition  of  ammonia  to 
alkaline  r«&otion ;  if  this  is  not  so,  a  little  ammonium  chloride  may  be  added. 
A  carefully  measured  quantity  of  the  solution  is  then  taken,  containing  about 
0-1  gm.  of  nickel,  and  rendered  dlftinctly  alkaline  with  ammonia,  a  few  drops  of 
iodide  added,  and  the  liquid  diluted  to  160  or  200  c.c.  A  few  drops  of  the 
silver  solution  are  now  nin  in,  and  the  solution  stirred  to  produce  a  uniform 
turbidity.  The  solutioa  is  now  ready  to  be  titrated  with  the  cyanide,  which  is 
added  slowly  and  with  constant  stirring  until  the  precipitate  wholly  disappears ; 
a  few  eitra  drops  are  added,  after  which  the  beaker  is  placed  under  the  silver 
nitrate  burette,  and  this  solution  gently  dropped  in  until  a  ^int  permanent 
turbidity  is  again  visible :  this  is  now  finally  caused  to  dismlve  by  the  mere 
ttaotioQ  of  a  drop  of  the  cyanide.    A  correction  must  now  be  applied  for  the 
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eifxee  of  tbe  cyanide  >dd«d,  by  Doting  the  amount  ot  silver  emplojed,  &nd 
working  out  its  value  iu  cyanide  from  tne  dat«  already  lound ;  this  exceas  must 
then  be  deducted,  the  corrected  aumber  of  c.o.  being  Uien  noted  as  equivalent  to 
the  amount  of  nickel  emplojed. 

(i)  Having  determiued  the  relative  value  of  the  cyanide  to  the  alver  eolutioD, 
and  knoning  accmstely  the  metallic  contents  of  tlie  latter,  then  Ag  x  0'2T196 
gives  Uie  nickel  equivalent.  This  method  is  quite  as  accurate  as  the  direct 
titration. 

A  modification  of  the  above  process,  wherein  one  burette  only  is 
necessary,  has  been  found  very  convenient,  and  has  given  most 
excellent  results.     It  is  as  follows  : — 

When  a  soluljon  of  potaasium  cyanide,  oontaining  a  small  quantity  of  silver 
cyanide  dissolved  in  it,  is  added  to  an  ammoniacal  solution  of  nickel  contaimng- 
potassium  iodide,  it  is  seen  that  silver  iodide  is  precipitated,  and  the  turbidity 
thus  caused  in  the  solution  continues  to  increase  up  to  the  point  where  the 
formation  of  the  oickelo-potaiisium  cyanide  is  oomplete;  any  further  addition 
after  this  stage  is  reached  will  produce  a  clearing  up  of  the  liquid,  until,  at  last, 
the  addition  of  a  single  drop  causes  the  precipitate  to  vanish.  This  final 
disappearance  is  most  distinct,  and  leaves  no  room  for  doubt.  Such  a  solution 
may  be  prepared  by  dissolving  20  to  25  gm.  of  potassium  cyanide  in  a  liter  of 
water,  adding  to  this  about  026  ^.  nilver  nitrate,  previously  dissolved  in  a  tittle 
water.  For  large  quantities  of  nickel  the  quantity  of  silver  may  advantageously 
be  diminished,  and  vice  vertd.  The  value  of  the  cyanide  is  best  sscertaiued  in 
the  maoner  already  described,  on  a  nickel  solution. 

Small  quantities  of  cobalt  do  not  seriously  affect  the  results,  but  it 
muBt  be  remembered  that  it  will  he  estimated  with  the  nickel ;  ita 
presence  is  at  once  detected  by  the  darkening  of  the  solution. 
Manganese  or  copper  render  the  process  valueless,  so  also  does  zinc ; 
tbe  latter,  however,  in  alkahne  pyrophosphate  solution  exercises  no 
influence.  In  the  presence  of  alumina,  magnesia,  or  ferric  oxide, 
citric  acid,  tartaric  acid,  or  pyrophosphate  of  soda  may  be  employed 
to  keep  them  in  solution.  The  action  of  iron  is  somewhat  deceptive, 
as  the  solution,  once  cleared  up,  often  becomes  troubled  again  on 
standing  for  a  minute :  should  this  occur,  a  further  addition  of  cyanide 
must  be  given  until  tlie  liquid  is  rendered  perfectly  limpid.  The 
temperature  of  the  solution  should  not  miich  exceed  20°  C. :  above 
this  the  reauita  become  irregular.  The  amount  of  free  ammonia  haa 
also  a  disturbing  influence  ;  a  large  excess  hinders  or  entirely  prevents 
the  reaction ;  tbe  liquid  should,  therefore,  be  only  slightly,  hut  very 
distinctly  alkaline.  A  word  of  caution  must  be  given  regarding  the 
potassium  cyanide,  as  many  of  the  reputed  piuti  samples  ore  very  far 
from  being  so.  The  most  hurtful  impurity  is,  however,  sulphur,  as  it 
gives  rise  to  a  darkening  of  the  solution,  owing  to  the  formation  of 
tbe  lesa  readily  soluble  silver  sulphide ;  to  get  nd  of  the  sulphur 
impurity  it  is  necessary  to  thoroughly  agitate  the  cyanide  liquor  with 
oxide  of  lead,  or,  what  is  far  preferable,  oxide  of  bismuth 

As  regards  the  exactness  of  the  methods,  it  mav  be  said,  that,  after 
a  prolonged  experience,  extending  over  many  thousands  of  estimations, 
they  have  been  found  to  be  more  accurate  and  reliable  than  either  the 
electrolytic  or  gravimetric  methods,  and  when  time  i?  a  consideration 
the  superiority  is  still  more  pronounced.  The  employment  of  organic 
acids  or  sodium  pyrophosphate  in  the  case  when  iron,  zinc,  etc ,  are 
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present,  allows  the  operator  to  dispense  with  the  tedious  separation 
which  their  presence  otherwise  entails ;  and  this  is  a  matter  of  con- 
siderable importance  in  the  assay  of  nickel  mattes  or  German  silver." 

Another  modification  of  this  method  has  been  adopted  by  the 
author  for  nickel  ores  existing  in  New  Caledonia  which  contain  iron 
and  manganese,  etc. 

MriHOD  OF  PaocBDUBE  :  Two  BolutionB  are  prepared :  (a)  11  gm.  of  96  per 
cent.  potasBiuin  cyanide,  OS  gm.  of  ailTer  nitrate,  and  1  liter  of  distilled  water; 
and  (b)  60  gm,  of  citric,  acid,  38  gm.  (approximately)  of  sodium  carbonate, 
7'5  1^.  of  potassium  iodide,  and  500  c.c.  of  distilled  nster  ;  85  gm.  of  the 
sodium  carbonate  are  first  added,  and  then  the  remainder,  decigram  by  decigram, 
until  neutrality  is  attained,  befure  adding  the  potassium  iodide.  It  is  important 
that  solution  b  be  either  absolutely  neutral  or  only  very  slightly  alkaline.  2'6  gm. 
of  the  ore  (after  drying  at  100"  C)  are  phced  m  a  250  co.'llaslr,  dissolved  in 
20  c.c.  of  HCl,  and  the  solution  made  up  to  260  c.c.  with  water,  and  then  well 
agitated.  The  insoluble  silica,  etc,  is  then  filtered  olT,  and  to  50  cc.  of  the 
filtrate,  10  c.c  of  solution  b  a.re  added,  then  dilute  ammonia  in  slight  excess  till 
the  characteristic  hlue  oolouration  is  produced  and  the  solution  is  cooled.  The 
liquid  b  then  titrated  witli  solution  a  added  gradually  and  nith  stirring.  A  white 
cloudy  precipitate  tonus  at  Grst,  hut  disappears  on  the  addition  of  the  last  drop 
of  solution  a.  A  standard  solution  of  pure  nickel  is  prepared  and  titrated  in  the 
same  manner  aa  the  ore. 

The  process  takes  about  thirty  minutes,  and  the  results,  although  UBuallj'  a 
little  too  high,  are  very  concordant.  The  method  is  not  applicable  to  ores 
containing  Urge  quantities  of  iron,  manganese,  or  cobalt,  25  per  cent,  being  the 
limit  for  iron  and  manganese,  and  1  per  cent,  for  cobalt. 

Where  it  is  necessary  to  separate  iron  from  nickel  as  in  the  cose  of 
nickel  steel,  etc.,  so  as  to  make  the  nickel  ready  for  titration  by 
cyanide,  H.  Brearley  (C.  N.  Ixsvi.  49)  has  devised  the  following 
method  with  good  technical  results.  It  consists  in  precipitating  the 
iron  by  ammonium  or  sodium  acetate.  A  concentrated  solution  of 
the  ammonium  salt  is  made  by  saturating  33  7„  acetic  acid  with 
strong  ammonia.  The  solution  to  be  used  in  the  separation  is  made 
by  diluting  75  c.c.  of  this  to  a  liter.  If  sodium  acetate  is  used, 
the  working  solution  should  contaui  50  gm.  of  the  crystals  to  1  liter 
of  water. 

Cyanide  solution  should  contain  about  5  gm.  per  liter  of  th& 
pure  salt. 

Silver  nitrate. — 2-5  gra.  per  liter. 

Potassium  iodide. — 20  gm.  per  liter. 

Standard  nickel  may  be  made  from  the  cube  metal  which  contains 
about  99"5  °j^  of  pure  metal ;  if  there  is  more  than  a  trace  of  iron  it 
should  be  separated  by  ammonium  acetate. 

Mcthod  of  Procedore  :  Dissolve  1  gm,  of  the  alloy  in  hydrochloric  acid 
and  oxidize  with  nitric  acid.  In  case  the  alloy  contains  little  or  no  carbon  it  may 
be  straightway  dissolved  in  nitric  acid.  Dilute,  cool,  add  carbonated  alkali  until 
a  slight  permanent  precipitate  forms  (if  the  sample  is  always  dissolved  in  the 
same  amount  of  acid  the  volume  of  standard  alkali  will  be  approximately 
known) ;  add  10  c.c.  acetic  acid,  dilute  to  somewhat  less  than  a  liter  with  either 
hot  or  cold  water,  add  10  to  12  c.c.  ammoniiun  of  sodium  acetate,  of  the  strength 
pTeviausly  mentioned,  for  each  gm.  of  iron  in  solution.  If,  on  nearilig  the 
Doiling-poinl,  owing  to  imperfect  neutralization,  no  turbidity  occurs,  add  acetate 
(2  or  S  c.c.  at  a  time)  until  it  does.  Boil,  measure  volume,  >gj>>te  until 
preoipilate    settles,    and    filter   aliquot   part    through    asbestos.      Then   cool,. 
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ft  uid  titrate  with  ojanide 

Nickel-plating  Solutions,-  These  contMu,  h»  >  rule,  onlj  oickel 
sulphate  ftndammanis,  and  the  nickel  can  be  estimated  with  a  simple  solution  of 
potaBsium  cyanide  previously  stanilardized  on  pure  nickel  ammonium  sulphate. 
The  nickel  solution  lo  be  tested  should  be  fairly  concentrated  and  rendered  leebly 
alkaline  with  ammonia.  If  there  is  iron  present  some  ammonium  tartrate  should 
be  added  t«  prevent  the  precipitation  of  it  by  the  ammonia.  The  cyanide  is 
used  in  small  quantities  with  constant  shaking  until  a  drop  produi^es  a  clear 
jellotrisb  solution.     Copper,  zinc,  and  cobalt  must  not  be  present. 


NITBOQEIT    AS    TITRATES   AND    NITRITES. 
Nitric  Anhydride. 

NijOj=108. 
Nitrons  Anhydride. 

Normal  acid  x  0-0540  =  NjO^ 

Ditto  X  01011  =  KNO, 

Metallic  iron  x  03750  =  HK 0^ 

Ditto  X  0'6018  =  KNOj 

Ditto  X  0-32U  =  N2O5 

g  71.  The  accurate  estimation  of  iiitric  aciil  in  combination 
l)reacnta  great  JifBculties,  and  can  only  be  secured  by  indirect  means; 
the  methods  here  Riven  are  sutficient  for  must  purposes.  Very  few 
of  them  can  be  said  to  be  siiuplc,  but  it  is  to  lie  feared  that  no 
simple  process  can  ever  be  obtained  for  the  determination  of  nitric 
acid  in  many  of  it*  combinations. 

1.    Ssttmation  by  conversion  into  Ammonia  (Sohulie  and 
Vernon  Harcourt). 

The  principle  of    tbis  method    is    Itaacd  on  the  fact   tliat  when 
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a  nitrate  ia  heated  with  a  strong  alkaline  solution,  and  zinc  added, 
ammonia  is  evolved ;  when  zinc  alone  is  naed,  however,  the  quantity 
of  ammonia  liberated  is  not  a  constant  measure  of  the  nitric  acid 
present.  Vernon  Harcourt  and  Siewart  appear  to  have  arrived 
independently  at  the  result  that  by  using  a  mixture  of  zinc  and 
iron  the  reaction  was  perfect  (J.  0.  S.,  1862,  381 ;  An.  Ckem. 
u.  Phar.  cxxv.  293). 

A  convenient  form  of  apparatus  is  ahown  in  fig.  48. 

Method  of  Pbocbdubb:  The  distilling  flask  holds  about  200  c.c,  and  is 
oloselj  ooonecled  by  a  bent  tube  vTith  another  smaller  flask,  in  such  a  nwimer 
that  both  may  be  placed  obliquely  upon  a  sand-bath,  the  bulb  of  the  smaller 
flask  coming  just  under  the  neck  of  the  lar^r.  The  oblique  direotion  preventi 
the  spirting  of  the  boiling  liquids  from  entering  the  exit  tubes,  but  as  a  further 
precaution,  these  latter  are  in  both  flasks  turned  into  the  form  of  a  hook ;  from 
the  second  flask,  which  must  be  samewhat  wide  in  the  mouth,  a  long  tube  possM 
through  a  Lie  big's  condenser  (which  may  be  made  of  wide  gtaas  tube)  into  an 
ordinary  tubulated  receiver,  containing  normal  sulphuric  acid  coloured  with  an 
indicator.  The  end  of  the  distilling  tube  reaches  t«  about  the  middle  nf  the 
receiver,  through  the  tubulure  of  trhich  Harcourt  passes  a  bulb  apparatus  of 
peculiar  form,  containing  also  coloured  normal  acid;  instead  of  this  latter, 
however,  a  chloride  of  calcium  tube,  filled  with  broken  glass,  and  moistened 
with  Bcid,  will  answer  the  purpose.  The  distilling  tube  should  be  cut  at  about 
two  inches  from  the  cork  of  the  second  flask,  and  connected  by  means  of  a  well- 
fltting  vulcanized  tube ;  bj  this  means  water  may  be  passed  through  the  tubs 
when  the  distillation  is  over  so  as  to  remove  any  traces  of  ammonia  which  may 
be  retained  on  its  sides.  All  the  corks  of  the  apparatus  should  be  soaked  in  hot 
paraffine,  so  as  to  fill  up  the  pores. 

All  being  ready,  about  50  gm.  of  finely  granulated  zinc  {best  made  by  pouring 
molten  ziuo  into  a  warm  iron  mortar  while  the  peetle  Is  rapidly  being  rubbed 
round)  are  put  into  the  larger  flask  with  about  half  the  quantity  of  clean  iron 
filings  which  have  been  ignited  in  a  covered  crucible  (fresh  iron  and  zinc  should 
be  lued  for  each  analysis) ;  the  weighed  nitrate  is  then  introduced,  eithef  in 
solution,  or  with  water  iu  sufficient  quantity  to  diwolve  it,  strong  solution  of 
caustic  potash  added,  and  the  flask  immediately  connected  with  the  apparatus, 
and  placed  on  a  small  sand-bath,  which  can  be  heated  by  a  gas-burner,  a  tittle 
water  being  previously  put  into  the  second  fla«k.  Convenient  proportions  of 
material  are  t  gm.  nitre,  and  about  25  c.c.  each  of  water,  and  solution  of  potash 
of  spec.  grav.  1'3.  The  mixture  should  be  allowed  to  remain  at  ordinary 
temperature  for  about  an  hour  (Bder). 

Heat  is  now  applied  to  that  part  of  the  sand-bath  immediately  beneath  the 
larger  flask,  and  the  mixture  is  gradually  raised  t«  the  boiling  point.  Wheu 
distillation  has  actually  commenced,  Che  water  in  the  second  flask  is  made  to  boil 
gently ;  by  this  arrangement  the  fluid  is  twice  distilled,  and  any  traces  of  fixed 
alkali  which  may  escape  the  first  are  sure  to  be  retained  in  the  second  flask. 
The  distillation  with  the  quantities  above  named  will  occupy  about  au  hour  and 
a  half,  and  is  completed  when  hydrogen  is  pretty  freely  liberated  as  the  potash 
becomes  concentrated.  The  lamp  is  then  removed,  and  the  whole  allowed  to 
cool,  the  distilling  tube  rinsed  into  the  receiver,  also  the  tube  containing  broken 
glass ;  the  contents  of  the  receiver  are  then  titrated  with  ^/lo  caustic  potash  or 
soda  as  usual. 

Eder  recommends  that  an  ordinary  retort,  with  ita  beak  set  upwards,  should 
be  used  instead  of  the  flask  for  holding  the  nitrate,  and  that  an  aipirator  should 
be  attached  to  the  exit  tube,  so  that  a  current  of  air  may  be  drawn  through 
during  and  after  the  distillaljon. 

Chlorides  and  sulphates  do  not  interfere  with  the  process. 
This  method  is  simplified  in  some  agricultural  experiment  stations 
for  the  analysis  of  sodium  and  |)otassium  nitrates. 
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MErTHOD  OF  Pbocbovre  :  O'G  gro.  of  the  nitrate  is  dissolved  in  about  60  c.c. 
of  wsUr  in  a  ronveni^ul  flask  fltl<Nl  with  a,  bulh  distilling  tuhe  such  as  ih  shown 
either  in  fig.  30  or  31.  To  the  liquid  is  added  about  6  ^;ni.  each  of  zinc  dust  sod 
iron  fllings,  then  80  c.c.  of  sodium  hydrate  solution  (sp.  gr.  1-3).  The  miitare 
is  allowed  to  stand  at  ordinary  t^mpemture  for  an  hour,  when  the  distillation  is 
commenced  hj  heating  up  carefully  and  distilling  until  at  least  100  c.c,  are 
received  into  standard  acid  through  a  condenser,  as  in  the  Kjeldahl  proceed. 

Schmitt  has  suggested  a  further  modification  of  this  method, 
techoically  useful  for  mixed  man  urea. 

Method  of  PBocEDVaE;  About  1  gm.  of  the  substance  in  which  the 
nitrate  is  lo  be  estimated  is  dissolved  iu  vtater,  6  c.c.  of  glacial  acetic  acid  and 
3  gm.  of  an  equal  mixture  of  finely  powdered  iron  and  line  added,  and  the  flask 
genlly  healed  for  10  or  15  minutes.  TV  hen  cooled,  25  c.o.  of  sulphuric  acid  are 
cautiously  added  and  the  froth  mitigated  with  a  little  aolid  patsSn.  The  flask  is 
tlien  gently  heated  to  drive  oft  the  acetic  acid,  and  the  remainder  boiled  as  in 
the  Kjeldahl  method  until  colourless.  Instillation  is  then  commenced  by 
adding  excess  of  caustic  soda  in  the  usual  way  and  receiving  the  divtillate  into 
standard  acid. 

2.    By  Ozidation  of  Ferrous  Salts  (Felouze).    Hot 
ETBilable  ID  the  presenoe  of  Organio  Hatter. 

Tlie  principle  ujxni  which  this  well-known  process  is  based  is  as 
follows : — 

(a)  When  a  nitrate  is  brought  into  contact  with  a  solution  of 
ferrous  oxide,  mixed  with  free  hydrochloric  acid,  and  heated,  part  of 
the  oxygen  contained  in  the  nitric  acid  passes  over  to  the  iron,  forming 
a  persalt,  while  tlie  base  combines  with  hydrochloric  acid,  and  nitric 
oxide  (KOj)  is  set  free.  3  eq.  iroD  =  168  are  oxidized  by  1  eq.  nitric 
acid=63.  If,  therefore,  a  weighed  quantity  of  the  nitrate  be  mixed 
with  an  acid  solution  of  ferrous  chloride  or  sul|>hate  of  known 
strength  in  excess,  and  the  solution  boiled,  to  expel  the  liberated 
nitric  o.xide,  then  the  amount  of  unoxidized  iron  remainijig  in  the 
mixture  found  by  a  suitable  method  of  titration,  the  quantity  of  iron 
converted  from  ferrous  into  ferric  oxide  will  be  the  measure  of  the 
original  nitrie  acid  in  tlie  ]>roportion  of  168  to  63;  or  by  dividing 
63  by  168,  the  factor  0'375  is  obtainetl,  so  that  if  the  amount  of  iron 
changed  as  descrilied  l>e  multiplied  by  this  factor,  the  product  will  be 
the  amount  of  nitric  acid  present. 

This  method  though  theoretically  jierfect,  is  in  practice  liable  to 
serious  errors,  owing  to  the  readiness  with  which  a  solution  of  ferrous 
oxide  absorbs  oxygen  fniiu  the  atmosphere.  On  this  account  accurate 
results  are  only  obtained  by  conducting  hydrogen  or  carbonic  acid 
gas  through  tlie  apparatus  while  the  boiling  is  carried  on.  This 
modification  has  been  adopted  by  Fresenius  with  very  satisfactory 
results. 

The  boiling  vessel  may  ctinsinl  of  a  small  tubulattd  retort,  supported  in  such 
a  manner  that  its  neck  inclines  upivard ;  a  cork  is  fitted  into  the  tubulnre,  and 
through  it  is  passed  a  small  tube  connected  with  a  vessel  for  generating  either 
carbonic  acid  or  hydrogen.  If  a  weighed  quantity  of  pure  metallic  iron  is  used 
for  pre]iaring  the  solution,  the  washed  carbonic  acid  or  hydrogen  should  be 
parsed  through  the  apparatus  while  it  is  being  dissolved;  the  solution  so  obtained, 
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Of  one  of  double  sulphsle  of  iron  and  unmoDia  of  known  etrengtb,  being 
already  in  the  retort,  uie  nitrate  is  carefull;  introduced,  and  the  miitnre  heated 
gentlj'  by  a  small  lamp,  or  bj  the  water  bath,  for  ten  minutes  or  bo,  theu  boiled 
until  the  dark-red  coloar  of  the  liquid  disappeu^,  and  gives  place  to  the 
broivaish-yellow  of  ferric  compounds.  The  retort  is  then  suffered  to  cool,  the 
onrrant  of  carbonic  acid  or  hjdn^n  still  being  kept  up,  then  the  liquid  diluted 
fieel;,  and  titrated  with  i*/ia  permanguiate. 

Owing'  to  the  irregularities  attending  the  use  of  pernuuiganate 
with  hydrochloric  acid,  it  ia  preferable,  in  case  tliie  acid  has  been 
used,  to  dilute  the  aolution  less,  and  titrate  with  bichromate.  Two 
grams  of  pure  iron,  or  its  equivalent  in  double  iron  salt,  0'5  gm.  of 
saltpetre,  and  about  60  c.c.  of  strong  hydrochloric  acid,  are  convenient 
proportions  for  the  analysis. 

Eder  (Z.  a.  C.  xvi.  267)  has  modified  Fresenius'  improvements 
as  follows  :— 

1'6  em.  of  very  thin  iron  wire  w  diwohed  in  30  to  40  c.c.  of  pure  fuming 
hydrochloric  acid,  placed  in  a  retort  of  about  200  cc.  capacity ;  the  beak  of  the 
retort  points  upwards,  at  a  moderately  acute  angle,  and  is  connected  with 
a  U-tube,  which  contain!*  water.  Solution  of  the  iron  is  haiitened  by  applying 
a  timall  flame  to  the  retort.  Throughout  the  entire  process  a  stream  of  CO,  is 
passed  through  the  apparatus.  When  the  iron  in  all  dissolved  the  solution  is 
allowed  to  coul,  the  stream  of  COg  being  maintained  i  the  weighed  quantity  of 
nitrate  contained  in  a  small  glass  tube  (equal  to  about  0'2  gm.  HNO,)  is  then 
quickly  passed  iaW  the  retort  through  the  neck ;  the  heating  is  continued  under 
the  same  conditions  as  before,  until  the  liquid  assumes  the  colour  of  ferric 
chloride.  The  whole  is  allowi^  te  cool  in  n  stream  of  C0| ;  water  is  added  in 
quantity,  and  the  unoxidized  iron  is  determined  by  titration  with  permangaimte. 
The  results  are  exceedingly  good. 

If  the  CO2  be  generated  in  a  flask,  with  a  tube  passing  downwards 
for  the  reception  of  the  acid,  air  always  finds  its  way  into  the  retort, 
and  the  results  are  unsatisfactory.  Eder  recommends  the  use  of 
Kipp's  COj  apparatus.  By  carrying  out  the  operation  exactly  as  is 
now  to  be  described,  he  has  obtained  very  good  results  with  ferrous 
sulphate  in  place  of  chloride. 

The  same  apparatus  is  employed ;  the  lube  through  which  COg  enters  the 
retort  passes  to  the  bottom  of  the  liquid  therein,  and  the  lower  eitremitT  of  this 
tube  is  drawn  out  to  a  Sne  point.  The  bubbles  of  COg  are  thus  reduced  in  size, 
and  the  whole  of  the  nitric  acid  is  removed  from  the  liquid  by  the  passage  of 
these  bubbles.  The  iron  wire  is  dissolved  in  excess  of  dilute  sulphuric  acid 
(strength  1  :  3  or  1:4).  When  the  liquid  in  the  retort  has  become  cold, 
a  small  tube  containing  the  nitrate  is  quickly  passed,  by  means  of  a  piece  of 
platinum  wire  attached  to  it,  through  the  tubulus  of  the  retort,  and  the  cork  is 
repUced  before  the  tube  ba«  touched  the  liquid ;  CO.j  is  ag^n  pa.<ised  through 
the  apparatus  for  some  time,  after  which,  by  slightly  loosening  the  cork,  the 
tube  containing  the  nitrate  is  allowed  to  fall  into  the  liquid.  The  whole  is 
allowed  to  remain  at  the  ordinary  temperature  for  about  an  hour—this  is 
essential — after  which  time  the  contents  of  the  retort  are  heated  to  boiling,  COj 
being  passed  continuously  into  the  retort,  and  the  boiling  continued  till  the 
liquid  assumes  the  light  yellow  colour  of  ferric  sulphate.  After  cooling,  water 
is  added  (this  may  be  omitted  with  bichromate),  and  the  unoxidized  iron  is 
determined  by  permanganate. 

Eder  also  describes  a  slight  modifiiation  of  tliis  process,  allowing 
of  the  use  of  a  flask  in  place  of  the  retort,  and  of  ammonio-ferrous 
sulphate  in  place  of   iron  wire.      Althotigli  the  titration  with  per- 
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mangsnate  is  more  trustworthy  when  sulphuric  acid  is  employed  than 
when  hydrochloric  acid  is  used,  he  neverthele.ts  thinks  that  the  use  ot 
ferrous  chloride  is  generally  to  be  reeommemled  in  preference  to  that 
of  ferrous  sulphate.  A\Tien  the  chloride  is  employed,  do  special 
concentration  of  acid  is  necessary ;  the  nitric  oxide  is  more  readily 
expelled  from  the  liquid,  and  the  process  is  finished  in  a  shortf^ 
time.  But  some  m^ieaium  sulphate  should  be  used  to  prevent  the 
effect  of  IlCl  when  perman^nate  is  used  for  titration. 

The  final  point  in  the  titration  with  i>ernianganate,  when  the 
sulphate  is  employed,  is  renderetl  more  easy  of  determination  by 
adding  a  httle  potasi^ium  sulphat«  to  the  liquid. 

(b)  Direct  titratioD  of  the  resulting  Ferric  salt  bj  StaonouB 
Chloride. — Frcsenius  has  adopted  the  use  of  stannous  chloride 
for  titrating  tlie  feti'ic  salt  ^¥itll  very  gooti  results. 

The  following  plan  of  procedure  is  recommended  by  the  same 
authority. 

A  solution  of  ferrous  sulphate  is  prepsKd  bj  dimolviug  100  fsia.  ot  the  crjstala 
iu  500  c.c.  of  hydrochloiic  add  of  spec.  gnv.  110  ;  when  used  for  the  lusIjBu, 
the  emsll  proportion  of  ferric  oxide  mvsriably  present  in  it  is  found  b^  titrating 
with  stannous  chloride.  The  nitrate  bein^  weighed  or  meoisured,  is  broi^ht 
together  with  50  c.c.  (more  or  letu,  according  to  the  quantity  of  nitrate)  of  the 
iron  BolutioD  into  a  long-necked  flask,  through  the  cork  of  whioh  two  glus  tubee 
u-e  pawed,  one  connected  with  s  COj  apparatus,  and  reaching  tn  the  middle 
of  the  flask,  the  other  Bimpl;  an  outlet  for  the  passage  of  the  gaa.     When  the 

K)  has  driven  out  all  the  ur,  the  flafk  i»  at  first  gently  heated,  and  eventually 
iled,  to  diapel  idl  the  nitric  oxide.     The  UOj  lube  is  then  rinsed  into  the  flask, 
and  the  liquid,  while  still  boiling  hot,  titrated  for  ferric  chloride,  as  in  §  37. 

The  liquid  must,  however,  be  suffered  to  cool  before  titrating  with 
iodine  for  the  excess  of  stannous  chloride.  While  cooling,  the 
stream  of  COg  should  still  be  continued.  The  quantity  of  iron 
changed  into  i)eroKide,  multiplied  by  the  factor  0-375,  will  give  the 
amount  of  nitric  acid. 

EXAUPLB:  (1)  A  solution  of  slannous  chloride  was  used  for  titrating  10  c.c. 
of  solution  of  pure  ferric  chloride  containing  0*216075  gm.  Fe ;  a566  cc  of  tin 
solution  were  required,  therefore  that  quantity  was  equal  to  O-C^OT  gm.  of 
HNO,.  or  0^)6913l  gm.  of  N,Oj. 

(2)  60  c.c.  of  acid  ferrous  sulphate  were  titrated  with  tin  solution  for  ferric 
oiide,  and  024  cc.  was  required. 

(3)  1  c.c,  tin  solution  =  33  c.c,  iodine  solution. 

(4)  0  2177  gra.  of  pure  nitre  was  boiled,  as  described,  wit*  50  c.c.  of  the  acid 
ferrous  sulphate,  and  required  4608  ac.  tin  solution,  and  47  c.c.  iodine— 

4'7  c.c.  iodine  solution  — 1*42  c.c.  SnCli 

The    peroiide  in   the    protosulphate    solution— 0'24  c.c. 

1-66 
45-08— 1-66= 43-37,  therefore  25-B6  :  0-069131 -43'37  :  a-,-01169  N,0,  instead 
of  0'1183,  or  63'e9  per  cent,  instead  of  5341.  A  mean  of  this,  with  three  other 
estimations,  using  variable  proportions  ol  tin  and  iron  solutions,  gave  exactly 
53-41  per  cent.  The  process  is  therefore  entirely  satisfactory  in  the  case  of  pure 
materials. 

The  above  process  is  slightly  modified  by  Eder.     About  10  gm,  ot 
'"""n-ferrous  sulphate  are  dissolved  in  a  flask,  in  about  50  c.c.  of 
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hydrochloric  acid  (sp.  gr.  1  '07 )  in  a  stream  of  COj,  The  tube  through 
■which  the  CO,  enters  ia  drawn  to  a  point;  an  exit  tuhe,  somewhat 
trumpet-shaped,  to  admit  of  any  liquid  that  may  spirt  finding  ita  way 
back  into  the  flask,  passes  downwards  into  water.  After  solution  of 
the  double  salt,  the  nitrate  is  dropped  in  with  the  precautions  already 
detailed,  and  the  liquid  is  boiled  until  the  nitric  oxide  is  all  expelled. 
The  hot  liquid  is  diluted  with  twice  its  own  volume  of  water,  excess 
of  stannous  chloride  solution  is  run  in,  the  whole  is  allowed  to  cool  in 
a  stream  of  CO^  and  the  excess  of  tin  is  determined  by  means  of 
standard  iodine. 

(c)  Holland's  HodiQoation  of  the 
Pelouse  Frooess. — The  arrangement  of 
apparatus  shown  in  fig.  49  obviates  the  use  of 
an  atmosphere  of  H  or  CO^.  a  is  a  long- 
necked  assay  flask  drawn  off  at  b,  so  as  to 
form  a  shoulder,  over  which  ia  passed  a  piece 
of  stout  pure  india-rubber  tube,  d,  about  6 
centimeters  long,  the  other  end  terminating 
in  a  glass  tube,  P,  drawn  o£F  so  as  to  leave 
only  a  small  orifice.  On  tlie  elastic  connector 
s  placed  a  screw  clamp.     At  c,  a  distance 

of  3  centimeters  from  the  shoulder,  is  cemented 

Fig.  49.  with  a  blow-pipe  a  piece  of  glass  tube  about  2 

centimeters  long,  surmounted  by  one  of  stout 
elastic  tube  rather  more  than  twice  that  length.  The  elastic  tubes 
must  be  securely  attached  to  the  glass  by  binding  with  wire.  After 
binding,  it  is  as  well  to  turn  the  end  of  the  conductor  back,  and 
smear  the  inner  surface  with  fused  caoutchouc,  and  then  replace  it  to 
render  the  joint  air-tight. 

Mbthod  of  Pkockduke  :  A  small  funnel  ia  inserted  into  the  elastic  tube 
at  c,  the  ctanip  at  n  being  for  the  time  open ;  after  the  introduction  of  the 
solution,  followed  b;  a  little  water  which  wasliea  all  into  the  flaslc,  the  fuunet  ia 
removed,  and  the  flask  supported  by  meana  of  the  wooden  clamp,  in  the  inclined 
poeition  it  occupies  in  the  Ggure.  The  contents  are  now  mxde  to  hoil  so  aa  t« 
expel  all  air  and  reduce  the  volume  of  the  fluid  t«  about  4  or  6  c.c.  When  this 
pomt  is  reached  a  piece  of  glass  rod  is  inserted  into  the  elastic  tube  at  c,  which 
causal  the  water  vapour  t«  escape  through  f. 

Into  tie  small  braJter  is  put  about  50  c.o.  of  a  previously  boiled  solution  of 
ferrous  sulphate  in  hydrochloric  acid  (the  amount  of  iron  already  existing  as 
peraalt  must  be  known). 

The  boiling  is  still  continued  for  a  moment  t«  ensiu«  perfect  eipulaion  of  air 
from  F,  tbe  lamp  is  then  removed,  and  the  caoutchouc  connecter  slightly  com- 
pressed with  t^e  first  finger  and  thumb  of  the  left  hand.  As  the  flask  cools  the 
solution  of  iron  is  drawn  into  it :  when  the  whole  has  nearly  receded  the  elastic 
tube  is  tightly  compressed  with  the  fingers,  whilst  the  sides  o(  the  beaker  are 
washed  with  a  jet  of  boiled  water,  which  is  also  allowed  to  pass  into  the  tiask. 
The  washing  may  be  repeated,  taking  care  not  to  dilute  more  than  is  neoesaarj-  or 
admit  air.  Whilst  F  is  still  full  of  water,  the  elastic  connector  previously  com- 
pressed with  the  fingers  is  now  securely  closed  with  the  olamp,  the  screw  of 
which  is  worked  with  the  right  iiand.  Provided  the  clamp  is  a  good  one,  r  will 
remain  full  of  water  during  the  subsequent  digestion  of  the  flask. 

After  beating  in  a  water  bath  at  100°  for  half  an  hour,  the  flask  is  removed 
from  the  wat«r  bath  and  cautiously  heated  with  a  small  flame,  the  fingers  at  the 
same  time  resting  on  tbe  elastic  connector  at  tbe  point  nearest  the  sboi^dw ;  as 
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loOD  *M  the  tube  is  Celt  to  expand,  owing  to  tbe  presaure  rrom  within,  the  Ump  U 
removed  and  the  svrew  clamp  released,  the  flutters  maintaining  a  secure  hold  of 
the  tube,  the  gax-flame  is  again  replaced,  and  when  the  pressure  on  the  tube  is 
again  fell,  this  latter  is  released  altogether,  thus  admitting  of  the  escape  ot  the 
nitric  oxide,  through  Y,  which  should  be  below  the  surface  of  water  in  the  he&ker 
whilst  th««e  manipulationB  are  performed.  The  contents  of  the  flask  are  now 
boiled  until  the  nitric  oxide  is  eotirelj  expelled,  and  the  solution  ot  iron  showi 
oDl;  the  browu  colour  of  the  perchlohde.  At  the  completion  of  the  operation, 
the  beaker  is  first  removed,  and  then  the  lamp. 

It  now  only  remains  lo  transfer  the  ferric  solution  to  a  suitable  vessel  and 
determine  the  perchloride  with  stannous  chloride  as  in  b. 

A  mean  of  aix  ex  [crimen  ts  for  the  jiercentage  determination  of 
NjOj  in  pure  nitre  gave  53-53  per  cent.  iuateaJ  of  53-41.  The 
pioiivas  is  easy  of  execution,  and  gives  satisfactory  technical  results. 
The  point  chiefly  requiruig  attention  is  that  the  apparatus  sliould 
be  air-tight,  which  is  secured  by  the  use  of  gowl  elastic  tubes 
and  claniji. 

3.    Sohlbsing's  Method  (available  in  the  preeeaoe  of 
Organic  Hatter). 

The  solution  of  nitrate  is  boiled  in  a  flask  till  all  air  is  expelled, 
then  an  acid  solution  of  ferrous  chloride  drawn  in,  the  mixture  boiled, 
and  the  nitric  oxide  gas  collected  over  mercury  in  a  balloon  filled  with 
mercury  and  milk  of  lime ;  the  gas  is  then  brought,  without  loss,  in 
contact  with  oxygon  and  water,  so  as  to  convert  it  again  into  nitric 
acid,  then  titrated  with  ^/lo  alkali  as  usual. 

This  method  was  deviswl    by  Schlosing    for    the    estimation  of 
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nitric  acid  in  tobacco,  and  is  esjtecially  suitable  fur  that  and  similar 
purposes,  where  the  presence  of  organic  matter  would  interfere  witli 
the  direct  titration  of  the  iron  solution.  Where  the  quantity  of 
nitric  acid  is  not  below  0"15  gni.  the  process  is  fairly  accurate,  but 
needs  a  special  and  rather  complicated  arrangement  of  apparatus, 
the  description  of  which  may  be  found  in  Freaeuius'  Qwani.  Aval., 
sixth  edition. 

An  arrangement  of  apparatus,  disjiensiug  with  the  use  of  mercury, 
has  been  devised  by  Wildt  and  Scheibe  (Z.  a.  C.  xxiii.  151),  which 
simplifies  the  analysis  and  gives  accurate  results  with  not  less  than 
0'25  gm,  NjOj,  With  smaller  quantities  the  results  are  too  low. 
Fig.  50  shows  the  apparatus  used. 

A  is  a  conical  flask  of  250  c.c.  capacity,  containing  the  solution  to 
be  analyzed.  B  is  a  round-bottomed  fiask  of  250-300  c.c.  capacity, 
half  filled  witii  caustic  soda,  to  absorb  any  HCl  which  might  he 
carried  over  from  A.  C  is  a  conical  flask  of  750  c.c.  capacity, 
containing  a  little  water  to  absorb  the  nitric  acid.  D  is  a  tube, 
containing  water  to  collect  any  nitric  acid  not  absorbed  by  the  water 
in  C.  The  tube  d  is  bent,  as  showa  in  the  diajiiram,  and  drawn  out  to 
a  point,  to  diminish  the  size  of  the  bubbles.  The  tube  e  is  wide,  and 
cut  obliquely  to  prevent  water  collecting  and  [>assing  into  C. 

Method  of  Pbocedcbe  :  The  clip  b  i»  closed  imd  e  openpd,  and  the  tube  e 
disconoected  from  J".  The  wlutions  in  A  and  B  are  then  boiled  tor  20  miautes 
to  remove  all  oiygen.  The  tubes  e  sad  /  are  a^n  oonuected,  the  clip  c  is  . 
closed,  the  Same  under  B  increased  to  prevent  the  liquid  in  C  from  being  dnwn 
back,  and  the  clip  b  is  opened.  As  soon  as  steam  issues  from  the  tube  a,  it  it 
dipped  into  a  oonieal  glass  containing  50  c.c.  of  ferrous  chloride  prepared 
according  to  Sch losing's  diiectione.  and  the  flame  under  i.  is  removed,  when 
the  ferrous  chloride  enters  the  flask.  The  clip  b  is  r^ulated  frith  the  finger  and 
thumb,  BO  18  to  prevent  the  entrj-  of  air  into  the  flask.  The  conical  vessel  is 
rinsed  two  or  tbree  times  with  wat«r,  and  this  is  allowed  to  enter  the  Bask,  and 
the  clip  b  is  then  closed,  and  the  vessel  A  heated.  The  liquid  in  A  turns  brown 
in  a  short  time,  and  nitric  acid  is  evolved.  The  clip  c  is  opened  slightly  from 
time  to  time  until  the  pressure  is  high  enough,  when  it  is  opened  entirely.  The 
flames  must  be  regulated  so  that  a  stow  current  of  gB«  bubbles  through  the  water 
in  C.  The  h3-drDcblDric  acid  is  removed  by  the  caustic  soda  in  B,  and  the  nitric 
oxide  on  coming  in  contact  with  the  air  in  C  is  oxidized,  and  the  nitric  add 
absorbed  by  the  water.  In  case  the  current  of  gas  is  too  rapid,  the  escaping 
nitric  acid  is  absorbed  in  D.  After  an  hour  the  tubes  a  and  /  are  disconnected, 
while  the  solutions  in  A  and  b  aie  still  boiling,  and  the  nitric  acid  is  titrated 
with  dilute  caustic  soda  (about  i  normal).  The  vessel  C  must  be  well  cooled 
during  the  whole  experiment,  which  occupies  about  an  hour  and  a  half. 

Good  resulta  were  obtained  witli  nitrates  of  potash  and  soda,  both 
alone  and  mixed  with  ammonium  sulphate,  superphospliate,  and  amido 
compounds.  With  superphospluite  the  solution  shotdd  be  made 
sightly  alkaline,  to  prevent  the  liberation  of  nitric  acid. 

Waringtou  (J.  C.  6",  1880,  468)  has  made  a  series  of  experiments 
on  the  original  Schlosing  process,  for  the  purpose  of  testing  its 
accuracy,  when  small  quantities  of  nitric  acid  have  to  be  determined 
■  in  the  presence  of  organic  substances,  such  for  instance  as  in  soils,  the 
sap  of  beet-root,  etc. ;  but  instead  of  converting  the  nitric  oxide  back 
into  nitric  acid  as  in  the  original  method,  he  collected  the  gas  either 
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over  caustic  soda,  as  recommeDded  by  Reichardt,  or  over  mercury, 
and  ascertained  its  amount  by  measurement  in  Frankland's  gas 
apparatus.  The  resulta  obtained  by  Waringtoii  plainly  sbowed  that 
even  on  the  most  favourable  circumstances  the  method  as  usually 
worked  in  Germany,  either  by  the  alkalimetric  titration  or  by 
measurement  of  the  gas,  invariably  gave  results  much  too  low, 
especially  if  the  quantity  of  nitrate  ojjerateil  on  was  small,  say  5 
or  6  centigrams  of  nitre ;  moreover,  when  stigar  or  similar  oi^anic 
substance  was  present  the  resulting  gas  was  very  impure,  and  the 
distillates  were  highly  coloured  from  the  presence  of  some  volatile 
products.  The  nitric  oxide  also  sufiered  considerable  diminutioa  of 
volume,  when  left  for  any  time  in  contact  with  tbe  distillate, 
esiweially  when  over  caustic  soda.  Tliis  being  the  case,  tlie  following 
modification  originally  recommended  by  Scliliising  was  adopt«<l  in 
which  COj  was  emjJoyed,  both  to  assist  in  ex])el]ing  the  air  from  the 
apparatus,  and  to  chase  out  the  nitric  oxide  priMlucwI. 

fi 


f  The  form  of  a|ii)anilus  adopted  by  Warington  is  shown  ii 
vessel  ID  which  the  reaction  lakes  "place  is  a  small  tubulated  [ 
tubulure  of  which  haa  been  bent  near  its  extremity  to  make  a 
junction  with  the  delivery  tube,  which  dips  into  a  trough  of  mercury  on  the  left. 
The  long  supply  tube  attached  to  the  receiver  is  of  small  bore,  and  is  easily 
fliled  by  a  1  c.c.  of  liquid.  The  short  tube  to  the  riuht  w  alao  of  small  bore,  and 
ifi  connected  by  a  caoutchouc  tube  and  clamp  with  an  apparatus  for  the  con- 
tinuous production  of  carbonic  acid. 

In  using  this  apparatus  the  supply  tube  is  first  filled  with  strong  UCl,  and  CO, 
is  passed  throuRh  the  apparatiia  till  »  portion  of  the  gas  collected  in  a  jar  over 
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mercuiy  is  found  to  be  entirely  atworbed  by  cauetic  potash.  The  current  of  gu 
is  then  slopped  by  closing  the  clamp  to  the  rig-ht.  A  chloride  of  calcium  bath  at 
140''  is  next  brought  under  the  receiver,  which  is  immersed  one-half  or  more  in 
the  hot  Quid ;  the  temperatm«  of  the  bath  is  maintained  throughout  the  operation 
by  a  gas  burner  placed  beneath  it.  By  allowing  a  few  drops  of  IICl  to  enter  the 
hot  receiver,  the  CO]  it  contains  is  almost  entirely  expelled.  A  jar  filled  with 
mercury  is  then  placed  over  the  end  of  the  delivery  tube,  and  all  is  ready  for  the 
commencement  of  a  determination. 

The  nitrate,  which  should  be  in  the  form  of  a  dry  residue  in  a  small  beaker  or 
basin,  is  dissolved  in  about  2  c.u.'of  strong-  ferrous  chloride  solution,  1  c.c.  of 
strong  HCl  is  added,  and  the  whole  is  then  introduced  into  the  receiver  through 
the  supply  tube,  being  foUowed  by  successive  rinsings  with  HCl,  each  rinsing  not 
exceeding  a  i  c.c.  as  the  object  is  to  introduce  as  small  a  bulk  of  liquid  as 
possible.  The  contents  of  the  receiver  are  in  a  few  minutes  boiled  to  drynees ; 
a  little  CO]  is  admitted  before  dryness  is  reached,  and  ^ain  afterwards  to  drive 
over  all  remains  of  nitric  oxide.  It  the  gas  will  not  be  analyiied  till  next  day.  it 
is  advisable  to  use  more  CO,,  so  as  to  leave  the  nitric  oxide  diluted  with  several 
times  its  volume  ot  that  gas.  As  soon  as  one  operation  is  concluded  the  apparatus 
is  ready  for  another  charge. 

Thia  mode  of  working  presente  the  following  advantages  :— 


(2)  By  evaporation  to  dryness  a  complete  reaction  of  the  nitrate  and  ferrous 
chloride,  and  a  perfect  expulsion  of  the  nitric  oxide  formed,  is  as  for  as  potslble 
atbuned. 

(31  The  nitric  oxide  in  the  collecting  jar  is  left  in  contact  with  a  much 
smaller  volume  of  acid  distillate,  and  its  liability  to  absorption  is  gre»tly 
diminished  by  its  dilution  with  COj. 

The  results  obtained  with  this  apparatus  by  Warington  on  small  quantities 
of  nitre  alone,  and  mixed  with  variable  quantities  of  ammonium  salts  and  organic 
substances  including  sugar,  showed  a  marked  Improvement  upon  the  method  as 
usually  carried  out. 

A  furtlier  improvement  has  been  made  in  thia  method  by 
Warington  (J.  C.  S.  1882,  345),  and  described  by  him  as 
follows : — - 

The  apparatus  now  employed  is  quite  similar  to  that  shown  in  fig.  51,  with  the 
only  difference  that  the  bulb  retort  in  which  the  reaction  takes  place  is  now  only 
H  inch  in  diameter,  thus  more  exactly  resembling  the  form  employed  by 
SchlSsing.  A  bulb  of  this  size  is  sufficient  for  the  analysis  of  soil  extiBcl« ; 
for  determinations  of  nitrates  in  v^table  extracts  a  larger  bulb  is  required. 

The  chief  improvement  consists  in  the  use  of  CC^  as  free  as  possible  from 
oxygen.  The  generator  is  formed  of  two  vessels,  "nie  lower  one  consists  of  a 
bottle  with  a  tubulure  in  the  side  near  the  bottom ;  this  bottle  Is  supported  in  an 
inverted  position,  and  contains  the  marble  from  which  the  gas  is  generated.  The 
upper  vessel  consists  of  a  similar  bottle  standing  upright ;  this  contains  the  HCl 
required  (o  act  on  the  marble.  1  he  two  vessels  are  connected  by  a  glass  tube 
passing  from  the  side  tubulure  of  the  upper  vessel  to  the  inverted  mouth  of 
the  lower  vessel  ;  the  acid  from  the  upper  vessel  thus  enters  below  the 
marble.  CO]  is  generated  and  removed  at  pleasure  by  opening  a  stop-cock 
attached  to  the  side  tubulure  of  the  lower  veiwe!,  thus  allowing  HCl  to 
descend  and  come  in  contact  with  the  marble.  The  fragments  of  marble  used 
have  been  previously  boiled  in  water.    The  boiling  Is  conducted  in  a  strong  Bask. 


jlj  equJTiilent  to  O'la  sm.  ot  nitre,  or 
TOD  Bbonid,  bowevei,  (IwEyi  be  UKd. 
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Alter  boilio);  hu  proceeded  some  time,  >  oaoutchouc  stopper  is  Gied  in  the  neck 
of  the  fluik.  uid  the  Bsme  removed ;  boiling  will  then  continue  for  some  time  in 
a  partial  vacuum.  Tbe  lower  reservoir  in  nearly  filleil  irith  the  boiled  marble 
thiu  prepsred.  The  HCl  ha«  been  also  well  boiled,  and  before  it  is  introduced 
into  the  upper  reservoir  it  has  dissolved  in  it  a  modeniU  quantit;^  ol  caprons 
chloride.  As  soon  as  the  acid  has  been  placed  in  the  upper  reservoir  it  is  oov««d 
bj  a  lajer  of  oil.  The  apparatus  being  thus  charged  is  at  onoe  set  in  active  work 
by  opening  tbe  stop-cock  of  the  marble  reservoir ;  tbe  acid  descends,  enters  the 
marble  reservoir,  aad  tbe  CO,  produced  drives  out  the  air  which  is  neceenrily 
present  at  starting.  As  the  acid  renervoir  is  kept  on  a  higher  level  than  the 
marble  reservoir,  the  latter  is  always  under  iuteruat  pressure,  and  Inkage  of  sir 
[n>m  without  cmnol  occur. 

The  presence  of  the  cupromi  chloride  in  the  hydrochloric  acid  not  only  ennirea 
the  removal  of  dissolved  oxygen,  but  affords  an  indication  to  tbe  eye  of  the 
maiulenuice  of  this  condition.  So  long  as  the  acid  remains  of  an  olive  tint, 
oxygen  will  be  absent  -,  but  iihould  the  acid  become  of  a  clear  blue-green,  it 
is  DO  longer  certainly  free  from  oxygen,  and  more  cuprous  chloride  must 
be  added. 

A  further  slif;lit  improvement  adopted  consiste  in  the  use  of  freshly-boiled 
reaK^Dli>.  which  arp  employed  in  as  small  a  quantity  as  powible.  When  boiling 
the  hydrochloric  acid  it  is  well  to  add  a  few  drops  of  ferrous  chloride,  in  order 
more  certainly  to  remove  any  dissolved  oiygeu. 

The  mode  of  operation  is  as  folloin' :— The  apparatus  is  fitted  togeiber,  tbe  loo^ 
funnel  tube  attached  to  the  bulb  retort  being  filled  with  nsler.  Connection  is 
'e  with  tbe  glass  stop-cock  of  the  CO;  generator  by  means  of  a  short  stout 
'■'"        "   '  '   '     '"'  '  ^»ck.     The  pinch-cock  being  opened,  the 

m  of  bubbles  rises  in  the  mercury  trough ; 
tbe  itop-eock  is  left  in  this  posilion.  and  the  admistiion  of  gas  is  aflerwaris 
controMed  by  the  pinch-coi-k,  pressure  on  which  allows  a  few  bubbles  to  pass 
at  a  time.  The  hoM  chloride  of  calcium  bath  is  next  raised,  so  that  tbe 
bulb  retort  is  almost  submer)^ ;  the  temperalure,  shown  by  a  tbermometn 
which  tonus  part  of  the  apparatus,  should  be  130-140°.  By  boiling  small 
quantitira  of  water  or  hydrochloric  acid  in  the  bulb  retort  in  a  stream  of  COj  tbe 
air  present  is  expelled;  tbe  supply  of  gas  must  be  stopped  before  tbe  boiling  has 
ceatted.  so  as  to  leave  little  in  the  retort,  t^^vious  to  very  delicate  experimente 
it  is  advisable  to  introduce  through  the  funnel  tube  a  small  quantity  of  nitre, 
ferrous  chloride,  and  hydrochloric  scid,  rimang  the  tube  with  the  latter  reagent; 
an^  trace  of  oxygen  remaining  in  the  apparatus  is  then  consumed  by  the  nitric 
oxide  formed,  and  after  boiling  to  drj-ness.  and  driving  out  the  nitric  oxide  with 
COj,  tbe  apparatus  is  in  a  perfect  condition  for  a  quantitative  experiment. 

Soil  eitrscl«  may  be  used  vrithout  other  preparation  than  concentration. 
Vegetable  juiceit,  which  coagulate  when  healed,  require  to  be  boiled  and  filtered, 
or  else  evaporated  to  a  thin  syrup,  treated  with  alcohol  and  filtered.  A  clear 
solution  being  thus  obtained,  it  is  concentrated  over  a  water  bath  to  the  smallest 
volume,  in  a  beaker  of  smallest  size.  As  soon  as  cool,  it  is  mixed  wilb  1  c.c.  of  a 
oold  saturatifd  solution  of  ferrous  chloride  and  1  c.c.  UCI,  both  re^ente  having 
been  boiled  and  cooled  immediately  before  use.  In  mixing  with  tbe  reagents 
care  must  be  taken  that  bubbles  of  air  are  not  entangled;  this  is  especially  apt  to 
occur  with  viscid  extracts.  The  quantity  of  ferrous  chloride  mentioned  is  amply 
sufficient  for  most  soil  extracts,  but  it  is  well  perhaps  to  use  2  c.c.  in  the  first 
experiment  of  a  series;  the  presence  of  a  considerable  exceN<  of  fem>us  chloride 
in  the  retort  is  thus  eui<ui«d.  With  bulky  vegetable  extracts  more  ferrous 
chloride  should  be  emjiloyed ;  to  the  syrup  from  20  gm.  of  mangel  sap  should  be 
added  5  c.c.  of  ferroui-  chloride,  and  2  c.c.  of  hydrochloric  acid. 

The  mixture  of  the  extract  with  ferrous  chloride  and  HCI  is  introduced 
through  the  funnel  tube,  and  rinsed  in  with  three  or  four  successive  t  c.c.  of 
HCl.  The  content*  of  Ibe  retort  are  then  boiled  to  doiMs*.  a  'ii'le  CO,  being 
from  time  to  time  admitted,  and  a,  mure  considerable  quantity  used  at  tbe  end  to 
eipel  any  remaining  nitric  oxide.  The  most  convenient  temperature  is  l***, 
but  fb  the  i^we  of  vegetable  extracts  it  is  well  to  commence  at  130°,  as  there  is 
some  risk  of  the  contents  of  the  retort  frothing  over.    The  gas  is  collected  in  a 
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smsjl  jsr  over  mercury.  Aa  soon  as  one  operatiou  ie  completed,  the  jar  is 
replaced  by  another  ful!  of  mercurj,  and  the  apparatus  is  ready  to  receive  a  fresh 
extract.  A  serlea  of  Gve  determinationa,  witli  all  tbe  acootnpanyin);  gas  analyses, 
roay  be  readily  performed  in  one  day,  'I'be  bulb  retort  becomes  encrusted  with 
obMooal  when  eitracts  rich  in  orgauie  tnalter  are  the  subject  of  analysin  i  it  is 
beet  cleaned  first  with  water,  and  then  b3'  heating  oil  of  vitriol  in  it. 

Mercury,  contrary  to  the  gtatement  in  most  text-books,  ia  gradually  attacked 
by  hydrochloric  acid  in  the  presence  of  air^  the  mercury  in  the  trough  is  thus 
Apt  U>  become  covered  with  a  grey  chloride,  and  it  is  quite  necessary  to  keep 
the  store  of  mercury  in  contact  with  aulphuric  acid  to  preserve  its  mobile 
oondition. 

The  gM  analysis  is  of  a  simple  character  ;  the  ga«  is  measured  after  abaorption 
of  the  CO,  by  potaah,  and  again  after  absorption  of  the  nitric  oxide,  the  difference 
giving  the  amount  of  this  gas.  for  the  abaorption  of  uitric  oxide,  a  saturated 
solution  of  ferrous  chloride  was  for  some  time  employed,  Thia  method  ia  not, 
Iwwever,  perfectly  satisfactory  when  the  highest  accuracy  ia  required,  the  nitric 
oxide  being  generally  rather  under  eatimal«i,  except  the  process  of  absorjition  is 
repeated  with  a  fresh  portion  of  ferrous  chloride.  The  error  is  greater  in  pro- 
portion to  the  quantity  of  unalworbed  gas  present.  Thus,  with  a  mixture  of 
nitrogeD  and  nitric  oxide  containing  little  of  the  former  absorption  of  the  nitrio 
oxide  by  successive  treatment  with  oxygen  and  pyrogallol  over  poUah  showed 
97'8  per  cent,  of  nitric  oxide ;  while  the  same  ga.i,  analj-zed  by  a  aingle  absorption 
with  ferrous  chloride  (after  potash),  ahowed  975  per  cent,  of  nitric  oxide.  With 
a  mixture  containing  more  nitrogen,  the  oijgen  method 'showed  6o9  per  cent,  of 
nitric  oxide  ;  while  one  absorption  with  ferrous  chloride  gave  64*2  per  cent.,  aud 
a  second  abmrption.  in  which  the  ferrous  chloride  was  plainly  discoloured,  66'2 
per  cent.  The  use  of  terroua  chloride  as  an  abrorbent  for  nitric  oxide  has  now 
been  given  up.  and  the  oxygen  method  eubstttuted.  All  the  measurements  of 
the  gas  are  now  made  without  shifting  the  laboratory  vessel ;  the  conditions  are 
thus  favourable  to  extreme  accuracy. 

The  chief  source  of  error  attending  the  oxygen  process  lies  in  the 
amall  quantity  of  carbonic  oxide  produced  during  the  absorption  with 
pyrogallol ;  this  error  becomes  nt^Ugible  if  the  oxygen  is  only  waeA  in 
small  excess.  The  difficulty  of  using  the  oxygen  in  nicely  regulatcil 
quantity  may  be  removed  by  the  use  of  Eischof's  gas  delivery-tube. 
.This  may  be  made  of  a  test-tube,  having  a  small  perforation  half  an 
inch  from  the  mouth.  The  tube  is  partly  filled  with  oxygeu  over 
mercury,  and  its  mouth  is  then  clo.sed  by  a  finely-perforated  stopper, 
made  from  a  piece  of  wide  tube,  and  fitted  tightly  into  the  test-tube 
by  means  of  a  covering  of  caoutchouc.  When  this  tube  ia  inclineil, 
the  side  perforation  being  downwards,  the  oxygen  is  discharged  in 
small  bubbles  from  the  perforated  stopjier,  while  mercury  enters 
through  the  side  opening.  Using  this  tube,  the  supply  of  oxygen  is 
perfectly  under  control,  and  can  be  atopperl  as  soon  as  a  freah  bubble 
ceases  to  produce  a  red  tinge  in  the  laboratory  vessel.  The  trials 
made  with 'this  apparatus  have  been  very  satisfactory.  If  nitrites  are. 
to  be  estimated  by  this  method,  it  is  necessary  first  to  convert  them 
into  nitrates,  with  excess  of  hydrogen  peroxide,  which  is  entirely 
destroyed  by  the  subsequent  evaporation  to  dryness. 

4.    By  the  Ejeldahl  Frooesa. 

By  the  Gunning-Jodlbauer  modified  method  described  in  §  19 
it  ie  now  quite  possible  to  estimate  the  nitrogen  in  commercial  nitrates 
with  great  accuracy  and  very  little  personal  attention. 
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5.    TJlaoh's  Method. 

This  is  a  siiiiple  an<l  reatlv  plan  of  estimating  alkaline  nitrates  or 
the  amount  of  them  ex  st  ng  n  ma  ures,  where  there  is  no  salt  of 
ammonia  or  other  form  of  trt  ((e  It  depends  on  the  faet  that  when 
a  nitrate  of  soda  or  potash  s  boiled  with  dilute  sulphuric  aeid, 
tt^ether  with  iron  reduced  Ij  hylr-^en,  the  nitrogen  becomes  con- 
verted into  ammonium  aulpl  ate  a  d  the  ammonia  is  then  distilled  off 
hy  boiling  with  caustic     da  a^  n  Kjeldahl's  method. 

UXTHOD  OF  Pboceduie  :  0-6  gm.  of  an  alkaline  nitrate,  diasolved  in  25  o.c. 
of  water,  or  a  volume  of  manure  solution  containing  about  that  quantity,  whii^ 
should  Dot  measure  more  tban  25  or  30  c.c,  is  put  into  about  a  160  c.c.  Sagk. 
6  gm.  of  reduced  iron  and  20  c.c.  of  dilute  sulphuric  acid  (1'3)  are  then  added, 
and  the  flask  placed  in  an  inclined  position  and  tlie  motion  oUowed  to  continue 
in  tbe  cold,  until  efferresceDce  ceaces.  Tbe  mixture  is  then  boiled  for  six  or 
seven  minutes  and  allowed  to  cool.  The  liquid  in  then  transferred  to  a  Kjeldahl 
distilling  flask,  an  exce^  of  caustic  soda  with  a  few  pieces  of  line  added,  and  the 
ammonia  collected  in  standard  acid  and  titrated  as  usual  in  the  Kjeldahl 
process.     The  calculation  into  nitrogen  or  alkaline  nitrate  presents  no  difficulty. 

Some  operators  ha^e  obtained  excessive  results  by  this  method,  owing  to  tho 
reduced  iron  containing  some  form  of  nitrogen  or  ammonia.  A  blsnlc  experiment 
should  therefore  be  made  with  the  iron  used  to  find  whether  such  impurity  existA. 
Brandt  found  that  cyanogen  was  the  offending  agent,  and  this  wu  removed  by 
ignition  of  the  iron  again  in  hydrogen. 

A  modilied  foim  of  this  method  applicable  to  mixed  fertilizers 
containing  more  than  one  foim  of  nitrogen  has  been  worked  out  by 
8treet  with  good  results. 

Metbod  op  Fkoceecbe  :  1  gm.  of  the  manure  is  placed  in  a  Sat-bottomed 
flatk  holding  about  half  a  liter  with  about  SO  cc.  of  water,  20  co.  of  dilute 
sulphuric  acid  (1  acid  and  I  water)  and  1  gm.  ot  reduced  iron,  the  mixture  is 
(haken  and  allowed  to  remain  without  heating  till  <ffervescence  isover.  Close 
the  flask  with  a  rubber  stopper  through  which  is  patstd  the  stem  ot  a  dropping 
tube  holding  about  100  cc.  of  water.  Ihe  flask  is  then  gradually  heated  up  to 
boiling,  which  is  continued  for  five  or  six  minutes,  then  cooled,  and  about  100  c.c. 
of  Ihe  water  in  the  dropping  tube  run  in.  The  Bask  is  then  unstopped,  a  few 
small  pieces  of  colid  parnflin  or  beenwn  (to  prevent  frothing)  and  about  6  gm. 
of  good  caustic  magnesia  are  added,  and  a  proper  distillation  tube  connected  with 
the  flask.  Ihe  distillation  is  carried  out  precisely  as  in  (he  Kjeldahl  method, 
and  the  mixture  must  be  boiled  for  at  least  forty  minutes.  There  must  be  a 
considerable  excels  of  magnesia  in  order  lo  insure  good  results,  and  longer  time 
for  distillation  is  necessary.  bccauEe  magnesia  is  slower  than  soda  in  developing 
the  ammonia. 

6.    Technical  method  for  the  Felouse  process  with 
Alkaline  Nitrates  and  Nitrated  Manurea. 

"Wagner  has  ananged  a  simple  foim  of  the  Schlosing  method, 
which  gives  fairly  good  results,  ami  peimits  of  rapid  working. 

The  following  is  the  slightly  modified  arrangement,  as  adopted  at 
the  Halle  Agriciilluial  Ex]>cr)ment  Station,  for  the  estimation  of 
nitrogen  as  nitrates  in  fertilizers. 

A  250  c.c.  flask  is  fitted  with  a  two-hole  rubber  stopper.  One  hole  carries  an 
ordinary  gas  deliverT-lube,  and  the  other  a  thistle  funn*l,  haviog  a  stop-oock 
below  Ihe  funnel.  Ihe  end  of  this  lube  is  narrowed,  and  does  not  quite  reach 
the  liquid  in  the  flask. 
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A  solution  of  200  gm.  of  iroD  wire  in  hydrovbloric  add  xe  made  and  diluted  to 
1  liter.  60  CO.  of  this  solution,  and  the  same  quantity  of  10°/o  ECl,  are  placed 
in  the  flask,  and  the  air  expelled  by  boiling.  10  c.c.  of  a  standard  solution  of  pure 
Bodium  nitrate,  cmntaining  25  gTn*per  liter,  are  then  placed  in  the  funnel,  and 
alloved  giaduallr  to  drop  into  the  boiling  solution  of  iron.  A  gas  tube  graduated 
to  100  c.c.  is  filled  irita  40°/„  solutioa  of  caustic  potash,  and  the  nitric  oiide 
collected  in  tlie  usual  way.  When  the  nitre  solution  is  nearly  all  dropped 
in.  the  funnel  is  filled  with  10  per  cent.  HCl,  and  run  down  drop  by  drop, 
and  when  no  more  nitric  oiide  is  avolved  the  tube  containing  the  gas  set 
aside  in  a  large  jar  conlsining  distilled  water.  10  c.c.  of  the  solution  to  be 
t«9ted  are  now  put  into  the  funnel,  taking  care  that  not  more  than  100  c.o. 
of  gas  will  result.  The  gas  is  collected  as  before  in  a  fresh  tube  precisely 
as  in  the  case  of  the  pure  nitrate.  In  this  manner  ten  or  twelve  estimations 
can  be  made  with  the  one  and  the  same  ferrous  solution.  Finally,  a  freidi 
test  is  made  with  standard  nitre  solution  ;  the  readings  of  the  tubes  are 
taken,  and  as  they  will  all  be  of  the  same  temperature  and  pressure  no 
correction  is  necessary,  all  being  allowed  te  cool  to  the  same  point.  The 
comparison  between  Uie  pure  nitrate  and  the  sample  will  afford  the  caloulalion. 

Teahnioal  use  of  the  Felouse  Frooeee  for  Mixed  Manures. 
— Vincent  Edwards  adopts  the  following  method  for  manures 
containing  nitrates  together  with  ammonia  and  other  matters  (0.  N. 
Ixxi.  307).     The  solutions  required  are  : — 

Stsmlard  potassium  bichromate,  14-742  gm.  per  liter.  1  c.c.= 
0-0085  gm.  NaXOg  or  00101  gm.  KNO,. 

ferrous  sulphate.  100  gm.  of  crystallized  salt  with  100  c.c.  of 
concentrated  HjSO,  per  liter. 

The  exact  working  strength  of  these  two  solutions  in  practice,  is 
found  hy  boiling  50  c.c.  of  the  iron  solution  till  it  becomes  thick  in  a 
stout  well  annealed  glass  flask,  preferably  of  Jena  glass,  which  is  fitted 
with  a  Bunsen  valve,  made  by  cutting  the  rubber  tube  with  a  sharp 
razor,  the  glass  tube  to  which  it  is  fitted  passing  through  a  light 
fitting  rubber  stopper  ;  after  boiling  the  flask  is  set  aside  to  cool, 
then  100  c.c.  or  so  of  water  are  adiled,  and  the  titration  made  with 
bichromate  in  the  usual  way  with  fresh  solution  of  ferricyanide  as 
indicator. 

Method  of  Phoceditre  :  10-20  gm.  of  the  nitrated  manure,  according  to  its 
richness,  are  exhausted  with  water  and  the  tiquid  made  up  to  2O0  c.c. 

20  c.c.  of  this  solution  are  placed  in  the  boiling  flask  together  with  50  c.c.  of 
the  iron  solution,  the  stopper  with  valve  is  then  inserted,  and  the  mixture  boiled 
until  it  becomes  thick,  and  semi-solid  drops  are  splashed  a^inst  the  sides  of  the 
tiask ;  the  flask  is  then  enveloped  in  a  cloth,  and  removed  Ui  cool ;  when  this  has 
occurred,  100  c.c.  or  so  of  water  are  run  into  the  Sask,  well  shaken,  then  titrated 
with  the  bichromate  as  in  the  case  of  the  blank  experiment. 

EsiuPLE :  The  blank  titmtion  showed  that  60  c.c.  of  iron  solution  required 
54  cc.  of  bichromate,  SO  c.c,  of  themanuresolution  =  lgm.  manure  were  treated 
as  above  described,  and  required  31  c.c.  of  bichromate,  tneretoto  54—81  =  23  c.c 
which  multiplied  by  0-0086=01966  or  19-55%  of  NaNO,  in  the  manure.  The 
manure  was  known  to  be  a  mixture  of  B07ooE  nitrat«of  soda,  of  fl6-6  7o  strength, 
with  80  per  cent,  of  an  ammoniacal  guano. 

This  technical  process  is,  of  course,  chiefly  valuable  where  the 
nitrate  is  required  to  !«  estimated  apart  from  the  ainmonitu 

7.    Qaaotnetrio  estimation  as  Nitric  Oxide. 

This  method  of  estimating  nitrogen  existing  as  nitric  and  nitrous 
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■acids,  either  separately  or  together,  is  an  exceedingly  delicate  one, 
And  capable  of  great  accuracy  under  proper  maaipulation. 

It  18  now  best  known  as  the  Crum-Frankland  method,  the 
original  idea  emanating  from  Crum,  and  afterwards  improved  in 
detail  of  manipulation  by  f  rankland  and  Armstrong  in  -their 
method  of  water  analysis. 

So  far  as  the  use  of  the  method  for  water  analysis  is  concerned,  the 
process  is  given  in  Part  VI.,  where  the  shaking  tube  wliJch  is  used  for 
the  decomposition  of  the  nitrogen  compounds  by  mercury  and 
sulphuric  acid  is  figured,  and  the  details  of  the  process  as  applied  to 
waters  fully  descrilied. 

The  method  there  given,  however,  requires  the  use  of  a  gas 
apparatus.  This  metliod  obviates  that  necessity,  and  though  the 
results  cannot  be  said  to  be  absolutely  as  exact,  they  are  very  satis- 
factory for  some  purposes,  such  as  tlie  exaoiination  of  nitrous  vitriol, 
raw  commercial  nitrates,  manures,  etc. 

The  apjaratvis  used  is  Lunge's  nitrometer,  a  figure  of  which  is 
given  in  the  section  on  technical  gas  analysis,  accompanied  with  a 
description  of  the  method  of  using  it.  The  application  of  the  instru- 
ment to  the  estimation  of  nitrous  and  nitric  acids  in  vitriol  and  other 
substances  is  explained  in  the  same  section. 

The  volume  of  the  nitric  oxide  obtained  can  be  read  off  to  J„  c.c ; 
it  is  reduced  by  Bunsen's  tallies  to  0°  and  760  m.m.,  and  the 
percentage  of  the  aei<I  calculated  from  it.  Each  c.c.  of  NO,  measured 
at  0°  and  760  m.m,,  corresponds  to  1'343  m.gni.  NO,  or  1-701  ni.gm. 
KjO^,  or  2-417  m.gni.  N^Oj,  or  4-521  KNO^  or  3-805  m.gm.  NaNO,. 
By  this  process,  of  course,  nitric  and  nitrous  acids  cannot  be  dis- 
tinguished, bat  are  always  estimatetl  together. 

The  principle  of  the  reaction  is  explained  in  tlie  section  on  Water 
Analysis  (Estimation  of  Nitrates  and  Nitrites),  and  the  satisfactorj- 
nature  of  the  method  for  ^'it^iol-testi^g  has  lieen  amply  demonstrated 
by  Watts,  by  Davis  (C.  N.  xxxvii.  45),  and  many  others.  The 
instrument  itself  has  liecn  made  in  several  modified  ways,  but  the 
principle  of  its  construction  is  the  same. 

Allen  (Analyst  v.  181)  recommends  the  use  of  this  instrument  for 
the  estimation  of  nitrates  and  nitrites  in  water  residues ;  and  to 
obviate  the  difficulty  in  reading  the  volume  which  sometimes  arises 
from  the  mercurial  froth,  he  uses  two  nitrometeis  side  by  side,  in  one 
of  which  is  worked  a  pure  standard  nitrate  solution,  and  in  the  other 
the  material  for  analysis  inider  precisely  the  same  conditions  of 
temperature,  pressure,  etc.  If  the  ap{)aratus  containing  the  com- 
parative test  is  free  from  leakage,  it  may  bo  retained  for  a  long  jieriod 
for  the  purpose  of  comparison. 

S.    Golorimetrio  Hethods. 

Fhenolsulphonic   Aoid  BEethod  (Sprengel).— This   method 

is  applicable  chiefly  to  waters  where  only  small  proi>ortions  of  nitric 
acid  or  nitrates  are  to  be  estimated,  nitrites  are  not  affected  by  it. 
The  solutions  required  are— 
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Standard  potassium  nitrate. — 0722  gm.  of  KNO^  is  dissolved  in  a 
liter  of  water.  I  c.c.  of  this  solution^l  m.gm.  of  N,  or  one  part  N 
in  100,000.  100  c.c.  of  it  should  be  diluted  to  a  liter  for  use  in  the 
actual  analyais,  and  10  c.c.  taken=^  m.gm.,  to  avoid  the  possible 
error  tesulting  from  measuring  only  1  c.c. 

Fheuolsulphonic  acid. — 18  gni.  of  pure  crystallized  phenol  are 
mixed  with  9  c.c.  of  distilled  water,  111  c.c.  of  pure  concentrated 
sulphuric  acid  are  then  added  and  thoroughly  mixed.  When  cold  the 
liquid  is  transferred  to  close-stoppered  bottle.  The  solution  is  then 
ready  for  use. 

Method  of  Pbocidurb  :  10  c.c.  of  the  water  under  eiamiiuition  and  10  c.c 
of  the  ataudard  potaasium  nitrate  are  pipetted  inte  two  sniall  beakers  and  placed  near 
the  edge  of  a  hot  plate.  Wheo  nearly  evapoiated  thej  are  removed  to  the  top  of 
the  water-oven  and  left  there  till  they  are  evaporated  to  complete  drynees.  As 
this  operation  usually  takes  about  an  hour  and  a  half,  it  is  better,  when  time  ia 
an  object,  to  evaporate  to  diyness  in  a  platinum  dieb  over  steam.  Tbe  residue  in 
each  case  is  then  treated  with  1  c,c.  ot  the  phenoUulphonio  acid,  and  the  beaker* 
are  placed  on  the  top  of  the  water-oven.  If  tbe  water  under  examination  contain 
a  large  quantity  of  nitratee  the  liquid  speedily  awumee  a  red  colour,  which,  in  a 
good  water,  will  not  appear  for  about  ten  minutes.  After  standing;  for  Qfteen 
minutea  tbe  beakers  are  removed,  the  contents  of  each  washed  out  successively 
into  a  100  c.c.  mcuuring  glaea.  a  eiii^ht  excess  (about  20  c.c.  of  0-96)  of  ammonia 
added,  the  100  c.o.  made  up  by  the  addition  of  water,  and  the  yellow  liquid 
traDstened  to  a  Nessler  glass.  The  more  Htrongly  coloured  liquid  is  then 
partly  transferred  to  the  measuring  glass  again  and  the  tints  compared  a  second 
time.  In  this  way  the  tints  are  adjusted,  and  when,  as  far  as  possible,  matehed, 
the  liquid  that  has  been  partially  removed  is  made  up  to  tbe  100  c.c.  mark  with 
water,  and,  after  well  mixing,  finally  compared.  If  not  e^iactlj  the  same,  a  new 
liquid  can  at  once  he  made  up,  probably  of  exactly  the  same  tint,  as  the  first 
eiperiment  gives  very  nearly  tbe  number  of  c.c.  of  the  one  equivalent  to  the  lOO- 
c.c.  of  tbe  other.  A.  K.  Johnson  in  bis  very  uwful  Aaalgtl'i  Laboratory 
Companion  (p.  50)  has  ^ven  a  table  for  obtaining  the  nitrogen  in  partis  per 
100,000,  and  also  in  grains  per  gallon,  by  this  method. 

In  tbe  case  of  very  good  waters.  SO,  50,  or  more  c.c.  should  be  evaporated  to  a 
small  bulk,  rinsed  into  a  small  beaker,  and  evaporated  to  dryness  and  treated  as 
above— only  5  c.c.  of  the  HtaJidard  potJiBsium  nitrate  (  =  05  N  in  100,000)  being 
taken.  In  the  case  of  very  bad  waters,  10  c.c.  should  be  pipetted  into  a  100  c.o. 
measuring  flask  and  made  up  to  the  mark  with  distilled  water,  then  10  c.c.  of  the 
well  mixed  liquid  (  —  1  c.c.  original  water)  withdrawn  and  treated  as  above. 

The  reaction  which  takes  place  results  in  the  jiroductiou  of 
ammonium  picrate,  which  gives  a  very  distinctive  yellow  colour,  the 
reaction  tteing 

CgHjOHSOaH  +  3HNOa=C«H,{NO,)30H  +  H.JiO,  +  2HjO. 

A.H.Gill  (Terk.  Quarterly  vii.  1894,  55-62)  has  studied  this, 
method,  and  Bays: — The  plieiiolsulphonic  acid  used  should  be  the 
pure  diaulphoiiic  acid  (C^H^  (OH)  SOjHj),  which,  with  nitric  acid, 
gives  picric  acid  even  in  the  cold  (Kekule,  Lehrbuch  iii.  236).  To 
prepare  it  3  gm.  of  pure  phenol  and  37  gni.  {20'1*  c.c.)  of  pure 
sul])huric  acid  of  1-84  sp.  gr.  are  mixed  in  a  flask  and  heated  for  six 
hours  to  100'  ill  a  water  bath.  The  acid,  as  thus  prei>ared,  may 
crystallize  out  on  standing,  hut  may  be  brought  into  !<nhition  again  by 
reheating  for  a  short  time. 

Method  of  PaocEnriE:  The  author  takes  1  or  2  c.c.  of  the  water  (diluted- 
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if  necessary),  contaiDing  about  O-QOO/l  m.gm.  of  nitrogen  »s  nitnite,  and  mpidly 
evaporates  over  a  Hte:im  tnth.  in  a  2^  inch  porcelain  didi,  tbe  dish  being  removed 
HH  soon  as  dry,  or,  preferably,  when  just  a  drop  remaias.  "With  "  ground  waters," 
10  o.c.  of  a  portion  which  has  been  docolorized  by  alumina  in  the  cold  are 
evaporated.  Tbe  residue  ie  tr«kted  in  tbe  disb  with  enough  of  the  aoid  to  cover 
it,  io  drops  (=07  c,c.)  being  usually  sufficient,  and  by  stiiring  with  a  glasa  rod 
every  part  of  tbe  residue  is  moistened.  Seven  o.c.  of  WBl«rare  added  &Dd  stirred, 
and  then  ammonia  ia  excess,  and  the  solution  a^in  stirred.  The  colour  ig 
compared  with  the  standard,  either  in  a  similar  dish,  or  both  are  poured  iDto 
tub^  If  inch  deep  and  {  inch  internal  diameter. 

The  standard  solution  of  puta«sium  nitrate  is  made  by  dissolving  0721E  gm. 
KNO,  in  water,  diluting  ti  1  liter,  evaporating  10  c.c.  in  vacui  over  sulpbutio 
acid,  treating  the  residue  with  phenolsnlpbonic  acid,  as  above,  and  dilutmg  tt) 
1  liter.  One  c.c.  of  this  solution  contains  0001  m.gm.  nitrogen.  A  measured 
volume  of  it  is  made  alkaline  with  ammonia  as  required. 

The  author  conduiiea  from  hia  eJtperimente  that : — 

1.  Tbe  pure  disulphonic  acid  gives  tbe  best  results. 

2.  No  advantage  is  gained  by  treating  the  water  residue  vrith  the  acid  at  lOC, 
as  SpreDgel  directs;  equally  good  results  are  obtained  in  the  cold ;  but  if  the 
temperature  be  as  Ion  as  0^,  decidedly  low  Ksulte  are  obtained. 

3.  The  amount  of  acid  used  makes  very  little  difference  so  long  as  there  is 
euougb  used. 

4.  llere  is  a  loss  of  nitrogen  during  evaporation,  which  ia  least  if  tbe 
evaporation'  take«  place  tn  naail  over  sulphuric  acid,  or  rapidly  in  an  open  dish 
at  lOtf* ;  glower  evaporation,  at  66",  caused  more  loas,  and  the  dry  residues,  it 
further  heated,  lose  nitrogen.  The  addition  of  sodium  carbonate  does  not 
prevent  the  loss. 

6.  Chlorine  does  not  interfere  if  less  than  two  parts  per  100,000  be  present ; 
if  more  be  present,  evaporation  should  be  conducted  invacui;  but  if  the  chlorine 
exceed  seven  parts  per  100,000  it  should  be  removed  by  pure  silver  sulphate 
before  evaporation. 

9,  In  comparing  the  colours  the  most  accurate  estimations  are  made  when 
tbe  intensity  of  the  oolour  does  not  exceed  that  produced  by  1  c.c.  of  a  water 
containing  about  0*06  part  nitrogen  per  100,000.  The  colour  produced  by  0-10 
part  per  100,000  is  very  difficult  to  match  accurately. 

7.  The  process  does  not  estimate  the  nitrogen  as  nitrite,  as  tbe  action  of 
nitrous  acid  resulta  in  the  formation  ot  nitroaophenot  C,H,  (NO)  (OH),  which 
ia  colourless  in  dilute  solutions. 

Other  special  methods  for  the  estimation  of  nitrates  and  nitrites  in 
water  will  be  given  in  the  section  on  Water  Analysis. 


1.    lodometrio  Method, 

Dunstan  and  Dymond  {Pharm.  Joum.  [3]  six.  741)  have  devised 
a  method  for  the  estimation  of  K^Og  in  organic  and  inorganic  com- 
bination which  ia  both  simple  in  operation  aiid  accurate  in  results. 
The  authors  point  out  that  although  the  inorganic  nitrites  may  he 
accurately  analyzed  by  gaaonietric  methods,  or  by  permanganate,  it  is 
impossible  to  ifse  such  methods  for  the  organic  compounds  or  their 
alcoholic  solutions.  The  reaction  upon  which  the  method  depends  is 
not  new,  being  based  on  the  following  equation — 

2HI  +  2HN0j  =  2HjO  +  2N0  + 1^. 

The  liberated  iodine  is  titrated  with  ^j^a  thiosulphate  in  the  usual 
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way.  '  -The  chief  merit  in  the  process  ia  the  simple  form  of  apparatus 
uaed,  and  which  is  shewn  in  fig.  52. 

A  stout  glass  flask,  having  a  capacity  of  about  100  c.c,  is  closed  by 
a  tightly  fitting  rubber  stopjier,  through  which  passes  a  piece  of  rather 
wide  glass  tubing  (C),  one  end  of  which  (that 
within  the  flask)  is  cut  olf  obliquely,  so  that 
liquid  may  flow  freely  through  it.  The  other 
end  of  the  tube  is  connected  by  means  of  a  piece 
of  thick  rubber  tubing  with  a  lai^e  glass  tube, 
which  forma  a  lipped  funnel  (A).  A  steel  screw 
clamp  (B)  regulates  communication  between  tlie 
funnel  and  the  tube,  and  the  short  interval  of 
ijl  rubber  which  is  not  occupied  by  glass  tubitig 
forms  a  hinge  upon  which  the  flask  may  be 
moved  into  a  position  at  right-angles  to  the 
funnel,  in  oi-der  to  mix  by  agitatiou  the  liquids 
which  are  introduced  into  the  apparatus.  The 
absence  of  any  leak  in  the  apparatus  is  ascertained 
by  boilii^  about  50  c.c.  of  water  in  the  flask  until 
steam  has  continuously  issued  from  tUe  fuuuel  for 
some  few  minutes,  when  the  screw  cUp  is  quickly 
closed  and  simultaneously  the  source  of  heat  is 
removed.  A  little  water  is  now  placed  in  the 
funnel  and  the  flask  is  cooled  by  immersion  in 
water.  On  sharply  inverting  tlie  flask  the 
"click"  of  the  water  against  the  airleas  flask 
should  be  quite  distinct.  No  water  should  be 
drawn  from  the  funnel  or  from  any  of  the  joints 
into  the  flask,  and  no  diminution  in  the  intensity 
of  the  "  click "  should  be  observed  after  the 
apparatus  has  been  standing,  neither  when  the 
flask  is  inverted  and  the  funnel  empty  should 
1  any  bubbles  of  air  pass  through  into  the  liquid. 
'  Having  thus  proved  tlie  absence  of  any  leak  in 
the  apparatus,  it  is  ready  for  use.  The  flask  is 
now  free  from  all  but  mere  traces  of  oxygen.  A 
Pig.  52.  conclusive  proof  of  this  is  obtained  by  boiling  in 

the  flask  a  solution  of  potassimn  iodide,  acidified 
with  diluted  sulphuric  acid,  and  then^  after  the  closeil  flask  has  been 
cooled,  the  funnel  removed  and  its  place  taken  by  a  smaller  glass  tube 
filled  with  air-free  water,  the  apparatus  is  connected  with  a  reservoir 
of  pure  nitric  oxide.  When  the  clamp  is  unscrewed  nitric  oxide  is 
drawn  into  the  flask,  and  should  any  oxygen  be  present  nitrous  acid 
will  be  produced,  and  consequently  iodine  will  be  set  free.  This 
experiment  has  often  been  made  by  the  authors,  who  have  failed  to 
observe  any  but  an  insignificant  trace  of  liberated  iodine. 

Hbthod  of  PaocBDUBB :  6  c.c.  of  a  10  per  ceal.  eolutioa  of  potassiuta  iodide, 
G  CO.  of  &  10  per  cent.  solutioD  of  sulpnuric  acid,  and  40  c.c.  of  tnter  are 
introduced  into  the  ^k,  which  is  securely  fitted  iritli  the  cork  carrying  Uie 
fnnnel  and  tube.    The  screw  dip  being  open,  and  a  free  pswagc  left  for  the 
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e»cspe  o[  Btcam,  the  liquid  is  boiled.  After  »  few  minutef,  when  uij  iodine 
which  m»j  h»ve  been  Ubemted  ha«  been  expelled,  and  the  upper  part  of  the 
Bask  is  completely  filled  with  steam,  which  is  ftlso  freely  issuing  from  the 
funnel,  the  clip  ir  tightly  closed,  and  U  the  rame  moment  the  source  of  h«&t 
is  removed.  A  little  water  is  now  put  into  the  funnel,  and  also  on  the  rim  ot  the 
flasli,  as  a  safeguard  against  a  possible  minute  leaka^,  and  the  vessel  is  cooled,  by 
imineniion  in  water.  A  solution  containing  a  known  weight  of  the  nitrite 
(equivalent  to  about  01  gm.  of  nitrous  acid)  is  placed  in  the  funnel,  and  slowlv 
drawn  into  the  Bask  by  cautiously  unscrewing  the  clip.  The  liquid  which 
adheres  to  the  funnel  is  washed  into  the  flask  with  recently  boiled  and  air-free 
water,  care  being  taken  that  durii^;  this  operation  no  air  is  admitted  into  the 
Bask.  When  experiments  are  being  made  with  organic  nitrites  which  ai« 
insoluble  in  water,  they  are  disKilved  in  alcohol,  and  alcohol  is  also  used  to  wash 
the  funnel.  When  the  nitrite  is  very  vohtlile.  a  little  cold  alcohol  should  be  put 
in  the  funnel,  and  the  point  of  the  pipette  containing  the  nitrite  should  be  held 
at  the  bottom  of  the  funnel  beneath  the  alcohol,  and  the  liquid  quickly  drswD 
from  the  pipette  into  the  flask.  The  nitrate  having  been  introduced,  the  flask  is 
well  shaken  and  the  liberated  iodine  is  titrated  with  a  standard  solution  of 
thioeulphale,  small  quantities  of  which  are  delivered  from  a  burette  into  the 
fimnel  and  gradually  drawn  Into  the  flask ;  tlie  screw  clip  renders  it  quite  easy  to 
admit  minute  quantities  of  the  solution.  As  soon  as  the  iodine  is  decolorized  any 
standard  solution  remaining  in  the  funnel  is  returned  to  the  burette.  Or  the 
funnel  may,  before  the  titration  is  commenced,  be  replaced  by  the  burette  iteelf, 
and  the  standard  solution  delivered  direct  into  the  flask.  Starch  may  be  used  as 
on  indicator,  but  it  is  usually  quite  easy  to  observe  the  complete  disappearance  nf 
(he  yellow  colour  of  the  dissolved  iodine.  From  the  volume  of  the  standard 
solution  used,  the  amount  of  nitroiks  acid  is  calculated  from  the  equation 
before  given. 

It  is  obvious  tliat  the  apparatus  might  be  improved  in  several 
respects,  as  for  example,  by  constructing  it  entirely  of  glass,  with  a 
ground  stopper  and  tap,  aa  well  as  by  the  use  of  a  gratluated  funnel  to 
deliver  the  standard  solution,  and  also  in  other  ways. 

The  authors  quote  numerous  experiments,  comparing  the  method 
with  careful  estimations  of  sodium  and  etjiyl  nitrites  gasometrit^y, 
shewing  excellent  results. 

As  a  further  teat  of  the  accuracy  of  the  process,  experiments  were 
made  with  various  oi^nic  nitrites  of  known  purity.  In  each  instance 
a  aohition  of  the  nitrite  was  made  by  weight,  and  a  weighed  quantity 
was  used  for  the  estimation.  To  prevent  any  loss  of  these  volatile 
nitrites  the  exjwriments  were  conducted  in  the  following  manner : — A 
well-stoppered  bottle  half  tilled  with  the  alcohol  corresponding  to  the 
nitrite*  to  be  estimated  was  weighed.  Sufficient  of  the  nitrite  was  now 
introduced  by  means  of  a  piiwtte  to  constitute  approximately  a  2  per 
cent,  solution,  and  the  liijuid  again  weighed.  The  exact  strength  of 
the  Bolution  having  been  thus  determined,  the  contents  of  the  bottle 
were  well  mixed,  and  the  neck  and  stopper  of  the  bottle  dried.  The 
bottle  was  now  re-weighed,  and  about  2  c.c.  of  the  solution  removed 
by  a  pipette,  care  being  taken  not  to  wet  the  neck  of  the  bottle.  The 
liquid  having  been  introduced  into  the  flask  witbotit  exposure  to  air,, 
in  the  manner  which  has  been  previously  described,  the  bottle  con- 

*  The  correspondlni;  alLVhol  wuh  emuloj'ed  to  proient  loss  coDBeiiieat  an  the  occuiTeiii<e 
of  a  reverse  chemicnl  cliantre.  wbicli  takes  place  when  a  lower  homologous  nieobot  ia  mixed 
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taining  the  solution  was  again  weiglie<1.      The  'results  obtained  vith 

ethyl  nitrite  were  : — 

Ttkm.  Fonnd. 

O-OSS  jpn,  0'089  gra. 

0176    „  0178     „ 

0113    „  0-116    „ 

2.    AnalysiB  of  Alkaline  ITitrites  by  Permanganate, 

Kinnicutt  sad  Ifef  have  devised  the  following  method,  and  it 
gives  good  reaults  if  carefully  managed. 

The  sample  of  nitiite  is  dissolved  in  cold  w&ter  in  the  proportion  of  about  1  to 
300 :  t«  tbis  liquid  ^/lo  permangaoate  is  added  drop  by  drop,  till  it  has  a  per< 
mauent  red  coloiu*;  then  2  or  3  drops  of  dilute  H,SO,,  and  immedial«1j 
afterwards  a  known  excess  of  the  permangaiiate.  The  liquid,  which  xhould  now 
be  of  a  dark  red  colour,  is  strongly  acidified  with  pure  HjSO,,  heated  to  boiling, 
and  the  excess  of  permanganate  determined  by  means  of  freshly  prepared  "/m 
oxalicacid.     I  c.c.  permanganate ^0-00346  gm.  KaNO,,  or  0-00426  gm.  KNOg. 

Of  course  tliere  must  be  no  other  reducing  substance  than  the 
nitrite  present  in  the  material  examined,  and,  to  ensure  accuracy, 
a  blank  experiment  should  he  made  with  the  like  proiJortiona  of 
HjSOj  and  oxalic  acid. 

3.    Gasometrio  Method. 

P.  Frankland  (J.  O.  S.  Hii.  364)  adopts  tliia  method  for  the 
estimation  of  nitrous  acid  in  suiall  quantity,  but  too  large  for 
colorimetric  estimation,  and  where  also  ammonia,  oi^nic  matters, 
and  nitrates  may  co-exist.  It  is  based  on  the  fact  tliat  when 
nitrous  acid,  t(^ether  with  excess  of  urea,  ia  mixe<l  with  sulphuric 
acid  in  the  cold,  the  reaction  is 

2C0{NHa)j  +  NjOa  =  CO(NH,0)j  +  COj  +  SN^. 

The  decomposition  is  made  in  the  Crum-Frankland  shaking  tube, 
described  and  figured  in  Part  VI.,  and  the  evolved  nitrogen  gas 
measured  in  the  usual  gas  apparatus.  The  ordinary  nitrometer  may 
also  be  used  for  larger  quantities  of  NOj  by  the  same  method. 

In  the  case  of  an  ordinary  alkali  nitrit«,  the  dry  substance,  or  its 
solution  evaporated  to  dryness,  is  mixed  with  excess  of  crystallized 
urea,  and  dissolved  in  about  2  c.c.  of  boiling  water  in  a  beaker,  then 
transferred,  with  the  rinsings,  to  the  cup  of  the  apparatus,  and  passed 
into  the  tube.  A  few  c.c,  of  dilute  sulphuric  acid  (1  :  6)  are  then 
passed  in.  A  vigorous  evolution  of  gas  takes  place,  and  continues  for 
some  five  minutes  ;  the  gas  is  a  mixture  of  nitrogen  and  carbonic 
anhydride.  The  decomposition  is  complete  in  fifteen  minutes.  A 
solution  of  pure  sodium  hydrate  (1  :  3)  is  now  added  through  the 
cup,  and  the  mixture  violently  aliaken,  until  the  CO^  is  absorbed. 
The  gas  and  liquid  are  then  transferred,  by  means  of  anotlier  mercury 
trough,  to  the  laboratory  vessel,  and  the  gas,  which  is  double  the 
volume  of  the  N  existing  as  N^Oj,  measured  in  a  gas  apparatus,  and 
its  weight  calculatc<l  in  the  usual  way. 
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ExAUpLS :  A  BolutLoQ  of  sodium  nitrite  vras  made  &nd  atandonliied  with 
pemumganate,  the  reeult  being  that  10  c.o.'-0'01316  gm.  N.  10  c.o.  of  the  nme 
Bolution  were  evaporal^d  to  drvnen  in  a  small  beaker,  about  02  gm.  of  urea 
added,  the  whole  dissolved  in  2  o.c.  of  hot  water,  which,  with  the  ringings,  were 
tramferred  through  the  oup  intu  the  tube,  treated  with  sulphuric  acid  and 
caustic  soda,  then  tnnafeired  te  the  gas  apparatus  with  the  following'  results  : — 
Volume  of  N,  IS'Td  c.c. ;  mercurial  pressure,  127*6  m.m. ;  temperature,  17'7°  C. 
The  weight  of  N  thus  found,  after  the  neceswry  oorreotiona,  was  0*01349  gm. 

The  Cruiu-Frankland  mercury  method,  described  in  the  section 
on  Water  Analysis,  and  in  which  the  same  shaking  tube  is  used,  does 
not  distinguish  between  nitric  and  nitrous  iiitrogea  ;  but  P.  Frankland 
required  a  method  for  the  estiraatioa  of  nitrous  acid  in  a  mixture  of 
nitrates,  peptones,  sugar,  and  various  salts  occurring  in  a  solution  used 
for  cultivation  of  micro-organisms,  and  the  experiments  carried  out  by 
him  showed  that  when  such  a  mixture  was  evaporated  to  dryness  the 
loss  of  HNOg  WHS  coiksiderable,  and  the  resulte  came  out  much  too 
low.  Further  experiment,  however,  allowed  that  the  addition  of  a 
slight  excess  of  caustic  potash  during  evaporation  prevented  the  loss 
of  any  HNO^ ;  and  on  the  other  hand  the  addition  of  a  slight  excess 
of  ammonium  chloride  entirely  destroyed  it.  Therefore  by  a  combi- 
nation of  the  mercury  and  the  urea  methods,  the  estimation  of  nitric 
and  nitrous  acids  may  be  satisfactorily  accomplished,  the  destruction 
of  the  HNOj  on  the  one  hand  being  effected  by  excess  of  HN^Cl, 
whilst  on  the  other  liand  all  loss  of  HNOj  may  be  avoided  by 
evaporation  with  caustic  alkali.  The  mode  of  procedure  has  the 
advantage  over  all  differential  methods,  in  that  each  acid  is  determined 
individually  and  independently  of  the  other. 

4.  Mixtures  of  Nitrites  with  Alkaline  Sulphites  and 
ThioBulphates. 
Lunge  and  Smith  (J.  S.  C.  I.  ii.  465)  have  shoivn  that  the  only 
satisfactory  method  of  completely  oxidizing  sulphites  and  thiosulphates 
by  permanganate  is  to  add  to  the  solution  a  large  excess  of  per- 
manganate, more  than  sufficient  for  complete  oxidation,  and  with 
formation  of  MnO».  Excess  of  FeSO^  is  then  added,  and  again 
permanganate  till  pmk.  VTien  such  a  mixture  contains  nitrites,  they 
will  of  course  be  oxidized  to  nitrates. 

To  find  the  amount  of  nitrites  present,  therefore,  the  following 
plan  is  adopted  : — 

Method  of  PHOCEDrRH :  The  solution  of  the  substance  in  not  too  htrge 
quantity  is  eiactly  oxidized  as  described,  a,  known  volume  of  standard  ferrous 
sulphate  is  added,  together  with  &  large  e;ioe9S  ol  etrong  HfSO,.  The  mixture  is 
boiled  nearly  to  dryness  in  a  flask  with  slit  valve,  dilutSl,  and,  when  cool,  titrated 
with  pennangjLQute.  The  difference  between  the  volume  then  required  and  that 
required  by  the  original  Fe^O,,  represents  the  nitric  acid  which  has  been 
reduced  and  escaped  as  NO. 

The  exceedingly  delicate  colorimetric  method  of  estimating  nitrites 
originally  devised  by  Griess,  and  improved  by  others,  will  be 
described  in  the  section  on  Water  Analysis. 
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g  72.  The  volumetric  determination  of  the  dissolved  oxygen  in 
water  is  an  operation  of  some  importance  in  water  analysis.  It  is 
well  known  that  organic  and  bacterial  contamination  generally  exist 
side  by  side ;  the  organic  matter  offering  a  suitahle  nidus  for  the 
growth  of  bacterial  life.  Water  thus  contaminated  is  de-oxygenated 
by  the  living  organisms,  which  consume  oxygen  during  their  growth  ; 
hence  the  importance  of  the  estimation  of  dissolved  oxygen  in 
water,  as  a  means  of  ascertaining  the  co-existence  of  the  two  kinds 
of  impurity. 

In  brewing  also  a  knowledge  of  the  state  of  aeration  of  the  wort 
ia  sometimes  of  importance,  especially  at  the  fermentation  stage  of 
the  process. 

Several  methods  have  been  proposed  for  carrying  out  the  estimation. 
Mohr's  method,  depending  on  the  oxidation  of  ferrous  compounds, 
with  subsequent  titration  by  permanganate,  has  not  come  greatly  into 
use.  Winkler  {Berichte,  1888,  2851)  has  quite  recently  proposed 
to  take  advant^e  of  the  oxidation  of  manganous  hydroxide*  by 
dissolved  oxygen,  the  higlier  oxide  formed  being  decoinposed  by 
sulphuric  acid  and  potassium  iodide  with  liberation  of  iodine,  which 
is  estimated  by  titration  with  sodium  thiostilphate.  This  method  is 
disturbed  by  the  presence  of  nitrites,  which  also  liberate  iodine  from 
acidified  potassium  iodide ;  great  organic  contamination  also  interferes, 
inasmuch  as  the  impurities  present  take  up  a  portion  of  the  liberated 
iodine. 

SchUtzenberger's  method,  fully-f  described  in  the  sixth  edition 
of  this  book,  has  received  great  attention  from  many  operators,  some 
of  whom  have  n;]K)rted  favourably,  whilst  others  find  the  process 
unreliable.  The  reason  for  the  anomalies  apparent  in  the  reports  of 
the  various  experimenters  is  shown  in  the  results  of  an  interesting 
and  critical  investigation  of  the  process  carried  out  by  Roscoeand 
Lunt  {J.  C.  S.  1889,  552).  They  show  that  an  important  disturbing 
influence  had  been  overlooked,  and  explain  many  previously  ill- 
understood  points  in  the  process. 

Schiitsenbetger's  original  process  depends  on  the  reducing  action 
of  sodium  hyposul|)liite  NajSOj,  prepared  by  the  action  of  zinc  dust 
on  a  saturated  solution  of  sodium  bisulphite,  containing  an  excess  of 
sulphurous  acid.  The  estimation  was  originally  carried  out  in  a  large 
Woullf's  bottle,  of  about  two  liters  capacity,  filled  with  pure 
hydrogen.  About  20-30  c.c.  of  water  were  introduced  and  slightly 
coloured  blue  by  indigo-carmine  solution.  The  blue  colour  was  then 
cautiously  discharged  by  the  careful  dropping  in  of  hyposulphite 
solution.  To  the  yellow  reduced  liquid  thus  produced,  the  water  to 
be  examined  was  added  from  a  pear-shaped  vessel  liolding  about 
250  c.c.     The  dissolved  oxygen  restored  the  blue  colour  by  oxidation, 
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and  the  amount  of  hyposulphite  required  to  again  decolorize  the 
liquid  was  noted. 

Schiitzenberger  showed  that  when  a  small  amount  of  indigo 
was  employed  lu  the  estimation,  the  yellow  colour  produced  when 
the  titration  was  completed  quickly  returned  to  hlue,  and  this  when 
decolorized  again  turned  blue,  and  so  on  for  some  time,  until  double 
the  first  amount  of  hyposulphite  had  been  used.  He  showed  also 
tliat  by  using  a  much  larger  amount  of  indigo  the  double  portion  of 
hyposulphite  was  required  at  once. 

By  titrating  an  ammotiiacal  solution  of  copper  sulphate  with  the 
hyposulphite  used  he  arrived  at  a  value  {though  an  erroneous  one) 
for  the  hyposulphite  employed  in  his  experiments,  and  concluded  that, 
at  the  first  yellow  colour  produced  in  a  titration  where  a  small 
amount  of  indigo  was  used,  only  half  the  oxygen  actually  present 
had  been  obtained.  The  otiier  half  he  accounted  for  by  saying  that 
the  reaction  between  hyposulphite  and  dissolved  oxygen  is  such,  that 
one-half  the  oxygen  becomes  latent  as  hydrogen  peroxide,  which 
slowly  gives  up  half  its  oxygen.  He  thus  accounted  for  the  return 
of  the  blue  colour,  as  well  as  his  observation  that  only  lialf  the 
oxygen  was  at  once  obtained.  To  explain  the  observation,  that  when 
a  large  amount  of  indigo  was  employed  fhe  whole  of  the  dissolved 
oxygen  was  found,  he  assumed  that  a  different  reaction  takes  place, 
one  between  dissolved  oxygen  and  reduced  indigo,  in  which  the 
l)eroxide  of  hydrogen  is  not  foniied. 

Ramsay  and  Williams  (/,  C.  S.  18S6,  751),  whilst  agreeing 
with  Schiitzenberger  and  mth  Duprt,*  that  the  process  gives 
reliable  results,  throw  a  doubt  on  the  chemical  explanation  given  of 
the  aliove  exjierimenU. 

Instead  of  the  ratio  1  :  2,  they  find  3  ;  5  to  !«  the  ratio  between 
the  first  and  total  quantity  of  hy[io3ulphite  required  when  a  small 
amount  of  indigo  is  employed,  but  give  it  only  as  the  mean  expression 
of  the  varying  ratios  tliey  obtain,  and  add  "  but  it  is  difHcult  to 
devise  an  equation  which  will  in  a  rational  manner  account  for  this 
jiartition  of  oxygen  "  into  two  stages  of  the  process.  Roscoe  and 
Lunt's  investigation  {J.  C.  S.  1889,  552)  haa  thrown  a  new  light  on 
these  experiments.  They  show  (I)  that  a  scries  of  fifteen  estimations 
carried  out  with  every  care  iu  imiuwed  ajijiaratus,  and  under 
apparently  identical  conditions,  gave  discordant  results,  varying 
between  4'55  and  6-50  c.c.  of  hy](osidphite  for  the  same  volume  of 
water,  showing  a  difference  of  0'35  ]ter  cent,  of  the  mean  value. 
(2)  Tlie  rapidity  of  titi^tion  lias  a  great  influence  on  the  result.  The 
mean  of  a  series  of  ten  estimations  carried  out  drop  by  drop  was  6'17, 
,  whilst  ten  experiments  with  the  same  sample  of  water  gave  a  mean 
of  7'12  when  t!ie  titration  was  performed  quickly.  (3)  Not  only  is 
a  low  result  obtained  by  a  slow  titration  and  a  high  result  by  a  quick 
one,  but  by  varying  the  time  of  titration  still  more,  ejireme  variations 
in  the  result  ore  obtained ;  any  value  between  1  and  100  per  cent,  of 
the  total  oxygen  present  Iwing  shown  to  l)e  possible.     (4)  The  ratio 
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between  the  first  reading  and  the  total  quantity  of  liyposulphite 
required  is  not  a  constant  one,  and  is  ahown  to  be  capable  of  an 
infinite  range  of  variation, 


Fig.  53. 

The  key  to  tlic  exidanation  of  these  remarkable  results  is  given  by 
the  authors  as  follows; — "The  conchiaion"  from  their  experimenta 
"  was,  that  when  aerated  water  is  introduced  into  an  atmosphere  of 
pure  hydrogen,  it  immediately  begins  to  lose  oxygen  by  dijueion  into 
the  hydrogen  until  an  equilibrium  is  established."  By  the  recognition 
of  this  disturliing  influence,  the  previous  anomalies  are  easily  explain- 
able on  the  following  data. 

(1)     Discordant  results  are  obtained  from  the  same  water,  because 
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the  several  titrations  are  not  performed  in  exactly  the  same  time, 
therefore,  varying  amounts  of  oxygen  diffuse,  and  leave  a  varying 
residue  for  titration. 

(2)  The  high  results  of  a  quick  titration  are  accounted  for  by  the 
fact  that  a  tai^e  amount  of  oxygen  is  titrated  and  fixed  before  it  has 
had  time  to  diffuse,  whilst  the  slow  titration  gives  a  low  result, 
because  a  large  amount  of  oxygen  has  already  diffused  from  the  liquid 
before  the  titmtion  is  completed.  No  greater  proof  of  the  rapidity 
with  which  the  water  under  examination  lost  oxygen  by  the  old 
process  need  be  given  than  the  fact,  that  Schiitzenberger's  results 
show  that  half  the  oxygen  had  left  the  liquid  by  diffusion  before  the 
estimation  could  be  completed. 

(3)  The  return  of  the  blue  colour  is  due  to  the  re-absorption  of 
the  difftised  oxygen  by  the  sensitive  yellow  liquid,  oxidation  by 
gaseous  oxygen  producing  the  blue  colour,  which  is  thus  not  due  to  a 
reaction  within  the  liquid. 

(4)  The  whole  of  tlie  oxygen  is  obtained  when  a  lurge  amount  of 
indigo  is  used,  because  when  reduced  it  is  capable  of  at  onre  fixing  the 
whole  of  the  dissolved  oxygen  and  thus  prevents  diffusion.  The  nse 
of  so  large  a  quantity  of  indigo,  necessary  to  effect  this  result,  however, 
so  disturbs  the  end-reaction  that  "it  is  difficult  to  fix  the  point  at 
which  the  last  trace  of  blue  has  been  discharged  with  any  degree  of 
accuracy"  (Duprd  loc.  cit.).  Hence  a  new  method  must  be  resorted 
to  in  which  diffusion  is  eliminated,  and  Roscoe  and  Lunt  have 
devised  the  following  method  to  satisfy  the  conditions  of  the  case. 
The  apparatus  employed  by  them  is  shown  in  fig.  53, 

It  consists  essentially  (1)  of  an  apiwratus  for  the  continuous 
genemtion  and  purification  of  hydrogen,  by  the  action  of  dilute 
sulphuric  acid  on  zinc  ;  (2)  a  200  c.c.  wide-mouthed  bottle,  fitted  with 
three  burettes  with  glass  taps,  inlet  and  outlet  tubes  for  a  current  of 
hydrogen,  and  an  outlet  tube  for  the  titrated  liquid ;  (3)  Winchester 
stock  bottles  of  hyposulphite,  indigo  (not  shown),  and  water  (sam|tle), 
communicating  with  their  respective  burettes  by  gla»e*  syphons.  The 
hydrogen  generated  in  A  passes  through  two  wash-bottles  containing 
caustic  potash,  thence  through  two  Emmerling's  tubes  filled  with 
glass  beads,  moistened  with  an  alkaline  solution  of  potassium 
pyrogallate,  an  arrangement  being  made  whereby  the  beads  may  be 
re-moistened  with  fresh  pyrogallate  from  the  bottles  beneath,  the 
liquid  !>eing  forced  up  by  hydrogen  pressure.  Pure  hydrogen  is 
supplied  continuously  (1)  to  the  stock  bottle  of  hyjiosulphite,  (2)  to 
the  hyposidphite  burette,  and  (3)  to  the  titration  bottle. 

FreparatioQ  of  the  Beagents.— The  reagents  required  are- 
Hyposulphite  solution. 
Indigo  solution. 

Standard  aerated  distilled  water. 
The  Hyposulphite  solution  is  prepared  by  dissolving  126  gm. 

*  Indift-rnblier  tubing  nnut  not  be  nsed  ror  tha  conveyuics  of  the  hypomlphita  lolntion 
(or  tbe  mCer  under  eiunluation),  ua  atdiospberic  oifgen  npidt;  diSiueB  thnogh  the 
iodik-rubber  sod  nflectB  tbe  stren^h  of  the  solution. 
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of  sodium  bisulphite  in  250  c.c.  of  water,  and  passing  a  current  of 
SOj  through  the  solution  until  eaturation  is  effected,  Tlie  solution  is 
poured  into  a  stoppered  bottle  of  about  500  c.c.  capacity,  containing 
50  gm.  of  zinc  dust,  the  bottle  is  almost  filled  up  with  water,  and  the 
mixture  well  shaken  for  five  minutes,  after  which  the  bottle  is  placed 
beneath  a  running  tap  to  cool.  The  mixture  is  again  agitated  after  a 
quarter  of  an  hour  and  left  to  deposit  the  excess  of  zinc.  The  clear 
liquid  ia  poured  off  from  the  sediment  into  a  Winchester  quart  bottle 
half  full  of  water.  Milk  of  lime  is  added  in  excess,  and  the  solution 
made  up  to  fill  the  bottle  almost  completely.  The  mixture  is  now 
thoroughly  shaken  and  allowed  to  stand  (best  overnight)  until  clear. 

The  solution  thtis  obtained  is  much  too  strong  for  use.  200  c.c.  of 
this  may  be  poured  into  a  Winchester  quart  bottle  of  water  (never 
into  a  bottle  filled  with  air)  and  well  shaken  with  as  little  air  as 
possible.  The  approximate  strength  of  this  dilute  solution  must  now 
be  found  by  titrating  good  tap  water  in  the  apparatus  already 
described.  The  strength  should  be  such  that  100  c.c.  of  water 
require  about  5  c.c.  of  hyposulphite,  and  the  solution  should  be  made 
up  approximately  to  this  value.  It  slowly  loses  strength  on  keeping, 
even  in  hydrogen,  and  its  value  should  be  determined  daily  as  required 
to  be  used. 

The  Indigo-carmine  solution  is  really  sodium  or  potassium 

sulphindigotate,  and  is  prepared  by  shaking  up  200  gm.  of  this  sub- 
stance in  a  Winchester  quart  bottle  of  water,  and  filtering  the  blue 
solution,  which  must  be  diluted  to  such  a  strength  that  20  c.c.  require 
about  5  c.c.  of  the  above  hyposulphite  solution  for  decolorization. 

Standard  Aerated  Distilled  Water. — ^Two  Winchester  quart 
bottles  half  filled  with  freshly  distilled  water  are  vigorously  agitated 
for  five  minutes,  and  the  air  renewed  several  times  hy  filling  up  one 
bottle  with  the  contents  of  the  other,  and  again  dividing  into  two 
portions,  which  are  repeatedly  shaken  with  fresh  air.  Finally,  one 
bottle  being  filled,  the  temperature  of  the  water  is  taken,  and  also  the 
barometric  pressiire,  after  which  the  bottle  ia  allowed  to  stand 
stoppered  for  half  an  hour,  to  get  rid  of  minute  air-bubbles.  The 
following  table,  due  to  Roscoe  and  Lunt,  gives  the  volume  of 
oxygen  contained  in  this  standard  aerated  water,  and  the  results  show 
that  Bunsen's  co-eflieients,  previously  used,  are  inaccurate. 
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Oxygen  Dissolved  by  DtotlUed  Water.    &-8tf  C. 


parUterAq. 


0-OB 
009 
0'09 


7-12 

008 

704 

0-08 

6'96 

O'OB 

6'89 

0-07 

6-82 

007 

675 

OUT 

0-07 

6'6I 

0-07 

p«Ut«Aq.l 

DUt.foi 

65t 

0-07 

6-47 

ow 

6-40 

006 

6-34 

0-06 

628 

0-06 

622 

0-06 

6'16      ' 

006 

6-10 

006 

6-04      1 

o'oe 

B-99      ■ 

0-05 

6-M      . 

0-05 

B-89      1 

006 

B-84      1 

004 

6-80 

004 

B-76 

0-04 

5-72 

0r04, 

6-es 

0-04 

5-W 

0-04 

Iq  this  table  the  retults  are  calculated  for  aeration  at  an  o&tened  barametrio 
pre«BUie  of  760  m.m.     When  tbe  observed  pressura  is  belom  760  m.m.  ,>t  the 

value  muflt  be  nblraried  for  every  10  m.m.  diff.    ""  '  

when  the  preesure  is  abo!>e  760  m.m. 


le  value  must  be  addid 


The  Estiuatiok  ;  The  burette  having   been  fi 


1,  and  a  preliminary  trial 


(1)  20  c.c.  of  the  water  are  introduced  into  the  Bmatl  boltle  ai 
indigo  Bolution  added. 

(2)  A  moderate  current 
veiy  fine  jet  for  three  n 
free  oivgen. 

(3)  Hyposulphite  is  now  carefully  added,  during  the  flow  of  hydrogen,  until 
the  change  from  blue  to  yellow  occurs,  taking  care  not  U)  overstep  this  point. 

(4)  A  further  measured  quantity  of  hypwulphite  ia  now  added  (say  10  c.o.) 
sufficient  to  combine  with  all  the  dissolved  oxygen  in  the  volume  o(  water 
(60-100  c.c.)  proposed  to  be  used  in  the  estimation. 

(6)  The  important  point  is,  that  the  water  is  now  quickly  run  in  from  a 
burette  by  a  capillary  tube  passing  beneath  thr  mrfope  of  the  liquid  to  the 
bottom  ot  the  vessel.  The  water  is  thus  introduced  into  a  liquid  which  will  at 
once  fix  the  free  oxygen  and  thus  prevent  its  diffusion  on  coming  in  contact  with 
the  hydn^n,  the  reduced  indigo  acting  as  an  indicator  for  the  complete 
oxidation  of  the  hyposulphite,  Tbe  liquid  is  kept  in  constant  motion  during 
the  addition  of  we  water,  which  is  uiut  off  the  moment  a  pennanent  blue 
Oolour  appears. 
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(0)  The  blue  is  decolorized  by  a  further  alight  addition  of  hyposulphite.  The 
volume  of  w&ter  used  aud  the  total  hyposulphite,  minus  the  Aral  addition,  are 
noted  and  the  eatimatlon  repeated  for  oonfinnation. 

When  the  water  contains  very  httle  oxygen  the  second  edition  of 
hyposulphite  may  be  omitted,  the  reduced  indigo  being  sufficient  to 
take  up  all  th&  dissolved  oxygen.  In  this  case,  care  tnust  be  taken 
that  the  oxygen  added  should  require  not  more  than  half  the 
hyposulphite  first  added  to  decolorize  the  indigo. 

BtAndiirdixing  the  Hyposulphite. — In  order  to  complete  the 
estimation  it  is  necessary  to  know  the  strength  of  the  hyposulphite 
solution  employed,  and  for  this  purpose  the  bottle  of  standard  aerated 
distilled  water  is  titrated.  This  method  has  the  great  advantage  tliat 
it  is  a  titration  carried  out  under  almost  the  same  conditions  as  the 
examination  of  the  sample.  The  result  of  an  estimation  is  easily 
obtained  by  the  following  formula : — 


dxhsxOd 


sxhd 


=  x  c.c.  0  i>er  liter  of  water 


where  d  and  e=thB  volumes  of  distilled  water  and  sample  respectively 
used,  hd  and  A»:=the  hyposulphite  required  for  the  distilled  water  and 
sample  respectively,  and  0 1  the  volume  of  dissolved  oxygen  contained 
in  one  liter  of  the  standard  water. 

Standardizing  the  Indigo. — ^Wbeu  once  the  hyposulphite  has 
been  carefully  standardized  by  distilled  water,  the  rather  trouble- 
some aeration  may  be  avoided  by  finding  the  oxygen  value  of  the 
indigo  solution.  This  solution  remaining  constant  niay  be  used  for 
the  subsequent  standardizing  of  the  hyposulphite. 

It  is  only  necessary  to  take  a  suitable  quantity  of  indigo  solution, 
diluted  with  water  if  necessary,  free  it  from  all  dissolved  oxygen  by  a 
current  of  pure  hydrogen  continued  for  five  minutes,  then  carefully 
decolorize  with  hyposulphite,  the  value  of  which  has  been  found  by 
using  aerated  distilled  water. 

The  authors  show  that  Schiitzenberger's  method  of  standard- 
ization, depending  on  the  decolorization  of  ammoniacal  copper  sulphate, 
gives  inaccurate  results. 

Free  acids  or  alkalies  greatly  disturb  the  process.  Bicarbonates 
liave  no  effect.  Of  course  when  other  substances  than  oxygen,  which 
decompose  hy|Kj9uIphite,  are  present,  the  accuracy  of  the  method  is 
proportionately  disturbed.  The  authors  have  applied  the  process  to 
waters  of  very  varieil  character,  and  containii^  widely  different 
amounts  of  oxygen,  and  show  that  the  method  is  capable  of  giving 
good  results,  compared  with  the  actual  volume  of  oxygen  found  by 
extracting  the  gases  by  boiling  in  vaicu6. 

The  deUcacy  of  the  reaction  is  such  that  one  part  of  oxygen  in  iieo 
million  parts  of  water  is  easily  detected. 

The  following  numbers  were  obtained  from  five  different  samples  of 
London  tapwater  collected  on  Ave  different  days. 
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Nitrogen  

(I) 

(2) 

(3) 

(*) 

(6) 

18-22 
515 

7-98 

13-96 
6-91 
9-29 

13  36 
5-88 
6-70 

O.C. 

1848 
6'31 

7-a5 

13-49 

6-eo 

811 

26-35 

29-15 

26-44 

27-09 

27'40 

Oiygen    by    the    new 
volumetric  method  ... 

6-68 
616 

618 
5-91 

S-64 
688 

6-41 
6-81 

6-24 
6-80 

«■«"- 

0-87 

0-22 

0-26 

0-10 

0-M 

Me«n  differenct 

0'28  C.C. 

oxygen  per  liter  of  water. 

The  oxygen  values  obtained  by  the  two  metbods  show  close 
agreement,  considering  the  poBsible  esperimetita]  error  in  so  complex 
a  comparison. 

M.  A.  Adams  describes  and  figures  a  very  convenient  arrange- 
ment for  carrying  out  this  process  {J.  C.  S.  Ixi-  310),  which  is  well 
adapted  for  technical  work,  and  less  cumbrous  than  the  apparatus 
here  described. 

lodometrio  Hethod. 

A  simpler  method  than  the  foregoing  has  been  proposed  by  Thresh 
(J.  C.  S.  Ivii.  185),  whiuh  by  comparison  with  Koacoe  and  Lunt's 
mi^thod  appears  to  give  satisfactory  results  when  aerated  distilled 
water  was  under  titration,  the  differences  occurring  only  in  the  second 
decimal  place.  The  author  was  led  to  investigate  the  method  by 
observing  the  latter  amount  of  iodine  which  a  vgry  minute  quantity 
of  a  nitrite  caused  to  be  liberated,  when  potassium  iodide  and  dilute 
sulphuric  acid  were  added  to  wat«r  containuig  it.  The  amount  of 
iodine  liberated  varies  with  the  length  of  exposure  to  air.  If  air  is 
excluded  no  increase  of  free  iodine  occurs  after  the  first  few  minutes, 
and  if  the  water  is  previously  boiled  and  cooled  in  an  air-free  space 
still  less  iodine  is  liberated.  In  this  latter  case  the  action  is  represented 
by  the  equation — 

2III  +  2IINO2  =  Ij  +  2HjO  +  2N0. 

When  oxygen  lias  access  to  the  solution,  the  nitric  oxide  acts  as 
a  carrier,  and  more  hydrogen  iodide  is  decomposed,  the  nitric  oxide 
apparently  remaining  unaffected,  and  capable  of  causing  the  decompo- 
sition of  an  urilimited  quantity  of  the  iodide. 

This  reaction  is  the  one  utilized  in  the  process  devised  by  Thresh 
for  estimating  the  oxygen  dissolved  in  water.     As  16  parts  by  weight 
of  oxygen  wiU  liberate  254  parts  of  iodine,  thus — 
2HI  +  0  =  H„0  +  Ij, 
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and  ae  tlie  latter  element  admits  of  being  accuntelj  estimated, 
theoietically  the  oxygen  should  be  capable  of  very  precise  determi- 
natioQ.  Practically  such  m  the  case ;  the  oxygen  dissolved  in  drinking 
waters  admits  of  being  estimated  both  rapidly  and  with  precision. 
It  ia  only  necessary  to  add  to  a  known  volume  of  the  water  a  known 
quantity  of  sodium  nitrite,  together  with  excess  of  potassium  iodide 
and  acid,  avoiding  access  of  air,  and  then  to  determine  volumetrically 
the  amount  of  iodine  liberated.  After  deducting  the  proportion  due 
to  the  nitrite  used,  the  remainder  represents  the  oxygen  which  was 
dissolved  in  the  water  and  in  the  volumetric  solution  used. 
The  following  are  the  reagents  required  ; — 

(1)  Solution  of  sodium  nitrite  and  potassium  iodide  : — 

Sodium  nitrite   0"5  gm. 

Potassium  iodide    20-0  gm. 

Distilled  water  100  c.c 

(2)  Dilute  sulphuric  acid : — 

Pure  sulphuric  acid  1  part. 

Distilled  water  Sparta, 

(3)  A  clear  fresh  solution  of  starch. 

(4)  A  volumetric  solution  of  sodium  thiosulphate  : — 

Pure  crystals  of  thiosulpliate,  775  gm. 

DistiUed  water  to  1  liter. 

1  c.c.  corresponds  to  0*25  mill^ram  of  oxygen. 

The  apparatus  required  is  very  simple,  and  can  readily  he  fitted  up. 
It  consists  of  a  wide-mouthed  white  glass  bottle  (A,  fig.  54)  of  about 
500  c.c.  capacity,  closed  with  a  caoutchouc  stopper  having  four 
perforations.  Through  one  passes  the  tube  B,  drawn  out  at  it«  lower 
extremity  to  a  rather  line  point,  and  connected  at  the  upper  end,  by 
means  of  a  few  inches  of  rubber  tubing,  with  the  burette  C,  containing 
the  thiosulphate.  Through  another  opening  passes  the  nozzle  of 
a  sepaiatory  tube  D,-having  a  stopper  and  stopcock.  The  capacity 
of  this  tube  when  full  to  the  stopper  must  be  accurately  determined. 
Through  the  third  opening  passes  a  tube  E,  which  can  he  attached  to 
an  ordinary  gas  supply.  Through  the  last  aperture  is  passed  another 
tube,  for  the  gas  exit,  and  to  this  is  attached  a  sufficient  length  of 
rubber  tubing  to  enable  the  cork  G  at  ite  end  to  be  placed  in  the 
neck  of  the  tube  D  when  the  stopper  is  removed.  A  small  piece 
of  glass  tube  projects  through  the  cork,  to  allow  of  the  escaping  gas 
being  ignited. 

The  apparatus  ia  used  in  the  following  manner ; — The  bottle  A 
being  cleaned  and  dry,  the  perforated  bung  is  inserted,  the  burette 
charged,  and  the  tube  B  fixed  in  its  place.  E  is  connected  vrith  the 
gas  supply.  The  tube  D  is  filled  to  the  level  of  the  stopper  with 
the  water  to  be  examined,  1  c.c.  of  the  solution  of  sodium  nitrite 
and  potassium  iodide  added  from  a  1  c.c.  pipette,  then  1  c.c.  of  the 
dilute  acid,  and  the  stopper  instantly  fixed  in  its  place,  displacing 
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a  little  of  the  water,  and  including  no  &ir.  If  the  pipette  he  held 
in  a  vertical  position  with  its  tip  just  under  the  surface  of  the  water, 
both  the  saline  solution  and  the  acid,  being  much  denser  than  the 
water,  flow  in  a  sharply  defined  column  to  the  lower  part  of  the  tube, 
ao  that  an  infbiiteaimally  small  quantity  (if  any)  ia  lost  in  the  water 
which  overflows  when  the  stopper  is  inserted.  The  tube  is  next 
turned  upside  down  for  a  few  seconds  for  uniform  admixture  to  take 
place,  and  then  the  nozzle  is  pushed  through  the  bung  of  the  bottle, 
and  the  whole  allowed  to  remain  at  rest  for  15  minutes,  to  enable 
the  reaction  to  become  complete.  A  rapid  current  of  coal  gas  is  now 
passed  through  the  bottle  A,  until  all  the  air  is  displaced  and  the 
gas  burns  at  G  with  a  full  luminous  dame ;  the  flame  is  now  extin- 
guished, the  stopper  of  1)  removed,  and  the  cork  G  rapidly  inserted. 


On  turning  the  stopcock,  the  water  flows  into  the  bottle  A.  The 
stopcock  is  turned  off,  the  cork  G  removed,  and  the  supply  of  gas 
regidat«d  so  that  a  small  flame  only  is  produced  when  this  gas  ia 
ignited  at  G,  Thiosulpliate  is  now  run  in  until  the  colour  of  the 
iodine  is  nearly  dischai^ed.  A  little  solution  of  starch  is  then 
poured  into  1),  and  about  1  c.c.  allowed  to  flow  into  the  bottle  by 
turning  the  stopcock.  The  titration  with  thiosulphate  ia  then  com- 
pleted. After  the  discharge  of  the  blue  colour,  the  latter  returns 
fointly  in  the  course  of  a  few  seconds,  due  to  the  oxygen  dissolved 
in  the  volumetric  solution ;  after  standing  about  two  minutes,  from 
0-05  to  O'l  CO.  of  thiosulphate  must  be  added  to  effect  the  final 
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disctiai^e.  The  amount  of  volumetric  solution  used  must  now  be  noted. 
This  wUl  represent  a,  the  oxygen  dissolved  in  the  water  examined,  +  b, 
the  nitrite  in  the  1  c.c.  of  solution  used,  and  the  oxygen  in  the  acid 
and  starch  solution  +  c,  a  portion  of  the  dissolved  oxygen  in  the 
volumetric  solution.  To  find  the  value  of  a,  it  ia  obvious  that  b  and 
e  must  be  ascertained.  This  can  be  effected  in  many  ways,  and  once 
known  does  not  require  re-determination  unless  the  conditions  are 
changed. 

To  FiTid  the  Value  of  b. — Probably  the  best  plan  ia  to  complete 
a  determination  as  above  described,  and  then,  by  means  of  the 
stoppered  tube,  introduce  into  the  bottle  in  succession  5  c.c.  of  nitrite 
solution,  dilute  acid,  and  starch  solution.  After  standing  a  few 
minutes,  titrate.  One-fifth  of  the  thiosulphate  used  will  be  the 
value  required. 

To  Find  the  Value  of  c— This  correction  is  a  comparatively  small 
one,  and  admite  of  determination  with  sufficient  accuracy  if  it  is 
assumed  that  the  thiosulphate  solution  normally  contains  as  much 
dissolved  oxygen  as  distilled  water  saturated  at  the  same  temperature. 
Complete  a  determination  as  alwve  described,  then  remove  the 
stoppered  tube,  and  insert  a  tube  similar  to  that  attached  to  the 
burette,  and  drop  in  from  it  10  or  20  c.c.  of  saturated  distilled  water 
exactly  as  the  thiosulphate  is  dropped  in.  Allow  to  stand  a  few 
minutes  and  titrate.  One-tenth  or  one-twentieth  of  the  volumetric 
solution  used,  according  to  the  number  of  c.c.  of  water  added,  will 
represent  the  correction  for  each  c.c,  of  volumetric  solution  used. 
Call  this  value  d. 

Let  e  be  the  number  of  c.c.  of  tliiosulphate  used  in  an  actual 
determination  of  the  amount  of  oxygen  in  a  sample  of  water ; 

/=the  capacity  in  c.c.  of  the  tube  employeil-2  c.c,  the  volume 
of  reagents  added ; 

ff  =  the  amojint  of  oxygen  in  milligrama  dissolved  iti  1  liter  of 
the  water; 

then  g=l^(e-b-ed). 

With  a  tube  made  to  hold  exactly  250  c.c,  the  most  convenient 

quantity  to  use,  -— -  -  becomes  unity,  and 

In  the  author's  experiments  two  nitrite  solutions  were  used ;  in  the 
first  b  =  2'1  c.c,  in  the  second  3'1  c.c  A  number  of  determinations 
of  d  were  made,  at  temperatures  varying  from  40°  to  60°  F.  The 
value  of  rf  was  found  to  vary  between  0'03  and  OOSIS.  In  all  the 
author's  recent  experiments  d  was  taken  as  OOSl. 

When  e^3  c.c,  the  reaction  seems  to  be  complete  in  five  minutes, 
but,  to  be  on  the  safe  side,  it  is  better  to  fix  the  minimum  at  fifteen 
minutes. 

The  use  of  coal-gas  is  recommended  by  the  author  without  passing 
it  over  alkaline  pyrogaliol  or  otherwise  treating  it  before  allowing  it 
to  pass  through  the  apparatus. 
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The  results  obtained,  however,  can  be  made  to  vary,  the  extreme 
limit  being  less  than  05  milligram  of  oxygen  per  liter  of  water,  using 
250  cc.  for  the  estimation.  To  quote  an  extreme  case.  In  one 
experiment  (1),  after  the  air  has  been  wholly  expelled  from  the 
bottle  A,  no  more  gas  was  passed  through,  and  the  titration  was 
effected  in  the  closed  apparatus,  the  volumetriu  solution  being  run  in 
■B  rapidly  as  possible.  Tlie  end-reaction  was  not  well  defined.  In 
the  second  experiment  (2),  the  volumetric  solution  was  run  in  very 
slowly  drop  by  drop,  and  a  brisk  current  of  gas  was  kept  passing 
through  the  apparatus.     End-reaction  well  defined. 


Tohunetrfwdter. 

Ous™  per  litar. 

(1) .. 

....      322  ex. 

15-35  cc. 

9-14  milligrams. 

(!).. 

....     322  „ 

U-9    „ 

8'80 

The  difference  is  probably  due  to  nearly  all  the  oxygen  dissolved  in 
thiosulphate  being  used  up  in  the  first  case,  and  being  lost  by  diffusion 
in  the  second. 

In  the  examination  of  waters  from  various  sources,  and  makii^  the 
experiments  in  pairs,  using  tubes  of  different  sizes,  the  author  found 
that  exceedingly  concordant  results  could  easily  be  obtained. 

In  estimating  the  oxygen  in  distilled  water  saturated  with  air,  the 
author  found  that  the  results  at  35"  and  30°  C.  were  higher  than 
those  obtained  by  Roscoe  and  Lunt,  whilst  at  the  lower  temperatures 
they  were  almost  identical,  and  it  occurred  to  him  that  the  difference 
was  probably  due  to  the  mode  of  saturation.  The  agitation  in  a  couple 
of  Winchesters  was  done  as  directed  by  them,  hut  the  water  used  had 
been  previously  saturated  at  the  lower  temperatures,  and  probably 
were  slightly  super-saturated.  A  further  series  of  experiments  were 
then  made  with  freshly -distilled  water,  which  was  not  agitated  with 
air  until  it  had  attained  the  desired  temperature.  The  results  proved 
that  this  surmise  was  correct.  Probably  some  such  explanation 
accounts  for  the  uniformly  higher  results  obtained  by  Dittmar. 

No  doubt  there  will  be  exceptional  cases  in  which  the  process 
cannot  he  used,  and  others  in  which  some  modification  may  be 
required.  A  water  containing  nitrites  will  require  the  amount  of 
the  nitrous  acid  to  be  determined  if  the  utmost  accuracy  is  required. 
(A  water  containing  1  part  of  HNO^  in  1,000,000,  will  affect  the 
results  +  0'17  milligram  of  oxygen  jicr  liter,  94  parts  of  the  acid 
corresponding  to  16  of  oxygen.)  Where  nitrites  are  present  in 
sufficient  quantity  to  interfere,  the  amount  may  be  determined  by 
any  of  the  ordinary  processes,  but  the  author  prefers  the  following 
method  ; — 

To  250  cc.  of  the  water  to  be  examined,  rendered  faintly  alkaline 
if  not  already  so,  add  a  few  drops  of  strong  solution  of  potassium 
iodide,  and  boil  vigorously  for  a  few  minutes.  Then  transfer  to  the 
bottle  A  used  in  the  oxygen  determination,  and  allow  to  get  quite 
eold  in  a  slow  current  of  coal  gas.  Then  add  a  few  drops  of  dilute 
sulphuric  acid  and  solution  of  starch,  and  titrate  with  the  thiosulphate. 
The  correction  to  be  made  in  the  oxygen  determination  is  thus 
ascertained.     One  or  two  experimental  results  may  be  quoted. 
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9T.ffi 

Thi«^,.U 

o.™« 

OTjsBnpwUtOT. 

1... 

'1 

T»p  water  .,. 

T»p  water +  6  milli- 
grwM  oommercial 
sodiuni  nitrite    

Tap  wrter  +  10  miUi- 
gramawKtium  nitrite 

232'S 
f  282-5 
]  232-5 

13-2 
16-fl6 
18-6 

97 
fl-5B 

9-48 

10-4S 
10-27 
10-19 

In  number  2,  the  thiosulphate  used  by  250  c.c.  of  the  boiled  water 


The  results  are  fairly  aatia^tory,  ereu  with  auch  large  porportions 
of  nitrite,  proportions  far  larger  than  are  likely  to  be  met  with  in 
prflctice. 

Nitrates  do  not  interfere,  even  when  present  in  large  quantities ; 
but  fresh  urine,  when  present  to  the  extent  of  1  per  cent.,  has 
a  small  but  very  appreciable  effect. 

The  following  is  an  example  of  the  method  at  ordinary  temperature : — 


Tempet-ature  15° 

a 

asisi 

™»^u» 

p-i-ti. 

OiTBupu  liter. 

InHDBUU. 

1.. 

2. 

3, 

4.. 

822-0 
3220 
282-5 
232-5 

lS-45 
15-55 

iieo 

11-70 

12-87 
12-97 
8-48 
9-28 

Mean 

9-99 

low 

10-14 

9-92 

10-03 

-004 

+  0-01 
+  011 
-Ml 

e  and  LuDt  found  6-96 


DiRereace  -t-  0-06. 


Simpler  Hethode  of  Titrations  for  DisBolrgd  Oxygen 
in  Waters,  eto. 

Winkler's  Manganous  Hydrate  Prooesa.— This  is  much 
less  complicated  as  regards  apparatus  than  the  foregoing  methods, 
and  though  perhaps  not  quite  so  accurate,  it  gives  very  fair  results 
when  carefully  managed.  In  this  method  manganoua  hydrate  serves 
as  the  oxygen  carrier,  and  causes  it  to  liberate  its  equivalent  of  iodine 
which  is  then  titrated  in  the  usual  way.  The  special  solutions 
required  are — 

40  gm.  of  manganoue  chloride  free  from  iron,  dissolved  in  water 
and  diluted  to   100  c.c,  and  33  gra.  of  sodium  hydrate  free  from 
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nitrites,  together  with  10  gni.  of  potaijsiuii)  ioilide,  dissolved  iii  water 
and  dilute<l  to  100  c.c. 

The  following  sliowp  the  working  of  the  inethoil  as  described,  by 
Seyier<G  A'.  Ixx.  151):— 

HXTBOD  OF  Pboceecbe  :  A  narrow-mouthed  well-stoppered  vessel,  holdiue  » 
known  Tolume  of  wster,  is  required.  "The  cyliaders  u^d  by  Thresh  and  hold- 
ing 262  c.c,  Kre  convenient.  The  vewel  is  filled  by  a  syphon,  and  1  c.c.  ot  each 
of  the  above  Eolutions  introduced  hy  a  pipette  with  long  atem,  bo  as  to  floif  to 
the  bottom,  displacing  2  c,c.  ot  the  water  from  the  lop.  The  stopper  is  then 
inserted  eo  as  to  be  guile  Tree  from  Mr  bubblef.  and  the  contents  miied  b^ 
Bbaking,    The  prei-ipifated  manganese  hydrate  becomes  brown  if  free  biygen  u 

Sreeent,  and  K>on  sinks  to  the  bottom.  6  c.c.  of  strong  HCl  are  then  intro- 
uced  bj  a  pipette  reaching  just  above  the  layer  of  precipitate,  the  cleaV  alkaline 
polulion  only  being  displaced  from  the  top.  the  Ftopppr  again  inserted,  and  the 
vessel  shaken.  When  the  precipitate  is  entirely  or  nearly  dissolved,  the  yellow 
mlulion  is  run  into  a  flatli  and  titrated  with  thiosulphatc  in  the  usual  Dianner. 
It  2G0  c.c.  of  water  be  used  Thresh's  thiosulphate  equivalent  to  0'£5  m.gm.  ot 
oxygen  is  convenient,  each  c.c,  then  representing  1  m.gm.  per  liter.  This 
contains  T'7o  gm.  of  sodium  thiosulphate  per  liter.  Ihe  great  inconvenience  is 
that  it  rapidly  loses  strength,  but  4  c,c,  of  normal  caustic  soda  added  before 
making  up  to  i.  liter  renders  tbe  thiosulphate  much  more  stable,  if  not  kept 
exposed  to  tbe  light. 

It  nitrite*  are  present  they  may  interfere  with  the  titration,  acting  as  oiyeen- 
carriers,  and  causing  a  continuous  liberation  ot  iodine.  This  may  be  obviated  by 
titrating  in  a  current  of  coal-gas,  exactly  as  in  Thresh's  method,  but  if  Ihe 
amount  of  nitrate  is  not  large,  and  the  ^nt  difappearance  of  the  blue  tint  be 
taken,  the  litrntion  in  coal^as  will  not  differ  appreciably.     If  much  nitrite  is 

Client  it  must  be  estimated  and  corrected  for,  but  this  is  a  very  rare  case.  It 
been  objected  that  iodometric  methods  are  inapplicable  to  wateis  containing 
much  oi^snic  matter,  aa  this  may  absorb  iodine.  Seyler  does  not  And  this 
objection  well  grounded.  In  the  extreme  case  of  sewage  effluent,  no  iodine  waa 
absorbed  in  one  case,  and  in  another  where  some  SHj  was  present,  the  absorption 
only  corresponded  to  O'T  c.c.  per  liter,  and  could  easily  be  etitimated  and  fr 
correction  applied. 

This  luethod  has  betin  modJtitHl  by  Kideal'  and  Stewart 
(Aiia/i/nt  xxvi.  141)  wliich  obviates  many  of  tlie  difficulties  which 
occur  in  the  foregoing  iirocesses  and  is  apjilicable  to  waters  containing 
nitrites  and  organic  matters,  sewage  eftluents,  etc.,  without  the  use  of 
special  ap]jaratua,  coal  gas  or  other  extraneous  cautions. 

M^noD  OF  Pbocedi-bk;  The  operation  is  carried  on  in  a  well -stoppered 
bottle  of  known  capacilj,  say  about  300  c.c. 

The  same  manganous  and  alkaline  iodide  solutions  as  in  Winkler's  method 

In  the  case  ot  ordinary  naters  Ide  bottle  is  filled  quietly  butquicklv  and  1  c,c. 
of  manganous  chloride  solution  is  passed  to  Ihe  bottom  from  a  long  pipette,  then 
3  c.c.  of  the  solution  containing  32  per  cent,  soda  and  10  per  cent.  KI,  The 
Stopper  is  inserted,  without  air  bubble?,  and  the  contents  mixed  by  inversion  and 
rotation.  The  liberated  manganous  hydroxide  absorbs  the  free  oivgen.  On 
standing  a  few  minutes  llie  upper  liquid  becomes  clear;  the  stopper  is  then  , 
removed  for  a  second,  and  3  c,c.  of  concenlnled  pure  HCl  are  pat«ed  to  the  ' 
bottom  by  a  pipette.  Again  closed  and  rotated,  Ihe  manganese  oxides  dissolve 
and  iodine  is  libprated  in  proportion  to  the  oxygen.  At  this  stage  tbe  bottle  ■ 
should  be  allowed  to  stand  about  five  minutest  in  tbe  dark,  with  occasional 
moving,  till  clear.  Tbe  liquid  ix  then  tranHferred  to  a  porcelaiD  basin,  and  the  - 
iodine  determined  by  thiosulphate  and  starch. 

When  nitrites  and  much  on^nic  matter  are  prei>eut,  60  c.c  of  the  original 
liquid,  acidified  with  1  c.c.  of  concentrated  pure  H^O^,  are  first  titmted  with 
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decinornul  permangBiute,  till  a  Cunt  p'vak  colour  pem»te  after  len  minute«. 
The  number  oF  o.c.  bo  required  is  calculated  to  the  volume  of  the  bottle  in  wUch 
the  free  oimen  determitiatioD  is  to  be  done.  This  amount  is  then  pUoed  In  tbe 
bottle,  together  with  1  c.o.  of  sulphuric  acid  (if  more  thau  10  c.c.  of  ^/lo  per- 
mao^Date  are  required,  2  c.c.  of  acid  must  be  added),  the  bottle  ii  flUed  with  Uie 
liquid  under  eiaminatioa,  mixed  bj  rotdtion,  and  allowed  to  stand  five  or  ten 
minoteB.  It  is  found  that  it  is  adviaible  to  add  (Tl  c.c.  of  pennan^nate  in 
eioesa  of  the  calculated  amount,  so  that  the  liquid  should  letun  a  slight  pink 
colour.  Any  excess  of  permanganate  aSects  the  determination  of  free  oxygen  by 
liberating  iodine,  therefore  has  to  be  removed.  If  the  solution  remains  pink,  tbe 
bottle  is  briefly  opened,  i  c.c  of  a  3  per  cent,  solution  of  neutral  potassium 
oxalate  added  with  a  pipette,  the  neck  filled  up  with  the  water  under  examinaUon, 
tJie  stopper  inserted,  and  the  bottle  rotated  as  before.  The  oolour  quickly 
disappears,  and  the  solution  is  ready  tor  the  manganous  chloride,  etc.,  as  in  the 
ordinary  determination.  It  was  sscertained  that  the  oxalate  did  not  interfere, 
but  to  balanoe  the  sulfuric  acid  that  has  been  added  a  rather  larger  proportion 
of  soda  is  required.  Whea  working  with  sewsgee  and  efQuenta  a  50  per  cent, 
soda +  10  per  oent.  KI  solutions  are  used  after  oxidizing  with  permanganate, 
3  G.C.  of  this,  and  afterwards  3  c.c.  of  HCl  are  added. 

The  reagents  being  used  in  the  conoentiated  form  with  a  comparatively  large 
volume  of  water,  tbe  correction  for  the  additions  is  small,  and  can  usually  be 
nef-lected.  When,  however,  the  oxygen  is  low,  tbe  reagents,  being  presumably 
saturated  with  oxygen  uoder  atmospheric  conditions,  will  make  the  result  too 
high.    Tbe  correction  then  to  be  applied  is : 

lOOOa-Ro 

' V^^W~' 

where  x  is  tbe  number  of  c.c.  of  oxygen  per  liter  of  the  liquid,  a  tbe  amount  of 
oxygen  in  c.o.  found  by  titration,  V  the  volume  of  the  bottle,  and  n  that  of  the 
reagents,  while  B  is  tbe  number  of  c.c.  of  oxygen  oontained  in  a  liter  of  saturated 
water  at  the  temperature  of  tbe  experiment,  which  is  preferably  actually 
determined,  or  can  be  obtained  from  a  table  such  as  Koscoe  and  Lunt's,  which 
has  already  been  quoted. 

The  resulta  obtained  with  good  waters  agree  well  together,  and  also  with  the 
figures  recorded  for  boiling  out  in  vaaiO. 

The  results  should  be  expressed  in  actual  c.c.  of  0  found  per  litre, 
with  the  temperature  of  the  water.  The  "  percentage  of  saturation  " 
calculated  from  Roscoe  and  Lunt'a  table  should  be  appended. 

Ueviations  from  theoretical  amounts  may  to  a  certain  extent  be 
produced  by  physical  causes.  With  falling  temperatures  the  water 
may  not  have  had  time  to  take  up  its  complement  of  oxygen ;  on  the 
other  hand,  with  rising  ones  it  may  liave  an  excess.  8eyler  and 
Gill  (C.  N.  Ixvii.  87)  showed  that  the  tem[)erature  might  be  raised 
from  r  to  9-5°,  or  from  13°  to  26-5°,  with  little  loss  of  oxygen,  the 
water  remaining  superaaturateil  until  shaken  vigorously.  This 
coudition  of  superaaturation  is  not  infrequent,  especially  if  the  water 
has  been  under  pressure  in  pii^es. 

Another  simple  method  for  determining  the  oxygen  absorption  of 
natural  waters  has  been  adopted  by  L.  W.  Winkler  {Z.  a.  C.  xli. 
419)  as  follows: — 

100  CO.  of  the  water  are  kept  boiling  for  ten  minutes  with  10  c.c.  of  "/loo 
alkaline  permanganate,  prepared  with  the  usual  precautions  and  standardijed  on 
^/loo  oxalic  acid  solution.  Tbe  liquid  is  then  treated  with  10  c.c.  of  dilute 
sulphuric  add  (1  :  3)  and  10  c.c,  of  "lioo  o>alic  acid  sohition,  and,  after  it 
becomes  completely  colourless,  the  alkaline  permanganate  solution  is  introduced, 
drop  by  drop,  from  a  burette  until  a  faint  pmh  colour  remains.     A  correction  of 
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,0'3  c.c,  is  nude  {to  oompenmta  for  the  loss  of  oijfKD  which  occutb  od  Mmply 
boiliD);  the  permangaiul^  alone),  and  the  oi;i;en  absorption  expresMd  Id  tenos 
of  c.c.  of  "/ioo  permaiiKsnate  noliition  rediii^d  by  100  c.n,  of  the  wat«r. 

Another  method  of  estimating  the  di88olve<l  oxygen  in  fresh-water, 
sea-wat«r,  and  sewage  effliients  lias  lieen  hrought  forward  by  Letts 
and  Blake  in  a  jAper  read  before  the  British  Association  in  1900. 
The  following  is  a  short  aiimniarj'  of  the  [iroeess  {C.  N.  Isxsii.  163). 
It  appears  to  be  a  iiiodifleil  form  of  llohv'a  methoil. 

A  stoppered  separating  funnel  is  filled  with  the  water  to  be  examined,  and  a 
meMured  volume  withdrawn,  A  definite  volume  of  standard  ferrous  sulphate 
solution  is  then  added,  and  afterwards  ammonia — the  volume  of  these  tiro 
reagents  together  corresponding  with  that  of  the  water  removed — and  the  stopper 
of  ine  funnel  is  then  inserted,  care  being  tiken  that  no  air  bubblen  are  enclosed. 

Within  the  separatinj;  funnel  there  is  now  a  lajer  of  ferrous  sulphate  solution 
below,  then  the  water,  and  above  the  ammonia.  These  ant  mixed  bj  inverting 
the  vessel  once  or  twice  b;  a  swinging  motion,  when  a  greenish  turbid  mixture 
resulta,  which  rapidly  darltens  as  the  difisolved  oij-gen  is  absorbed.  After  Gfteen 
minutes  the  vessel  (still  stoppered)  is  inverted,  and  its  tube  or  lower  extremitj 
{now,  however,  the  upper  one)  is  nearly  filled -with  a  oold  miiture  of  equal 
volumes  of  sulphuric  acid  and  water.  The  tap  is  then  opened,  when  the  acid 
Bows  downwards  into  the  alkaline  mixture,  and  in  the  course  of  a  few  minutes 
dissolves  the  iron  hydniteo,  forming  a  clear  solntion.  This  is  then  run  off  into  a 
porcelun  dish,  tind  then  titrated,  either  tvith  permanganate  or  bichromate,  con- 
veniently of  the  strength  that  1  cc.  =  1  c.c.  of  dissolved  oijgen  at  N.T.P. 

In  the  authors'  experiment  the  pepamting  tunnel  had  a  capacity  of  332'5  cc, 
and  ito  tube  contained,  when  nearly  full,  about  8  c.c.  of  diluted  sulphuric  acid. 
About  7  c.c.  of  the  water  was  removed,  6  c.c  of  standard  ferrous  sulphate 
solution  added,  and  about  2  c.c.  of  strong  ammonia.  The  ferrous  sulphate 
solution  contMned  about  12  gm.  of  the  crystallized  salt  in  260  c.c.  of  distilled 
water.  It  was  standardiaed  for  each  determination  hy  titrating  5  cc  in  a 
porcelain  basin,  miied  with  the  same  volume  of  the  water  under  examination  ae 
employed  in  the  dissolved  oxygen  determination  and  the  same  volume  of  acid. 

For  all  practical  purposeii  the  dissolved  oxygen  contained  in  the  volume  of 
water  which  the  separating  funnel  holds  amounta  to  the  difference  between  the 
burette  reading  for  the  blank  experiment  and  for  the  actual  determination. 

It  was  found  that  for  sea-water  and  sewage  effluents  bichromate  gives  more 
accurate  results  than  permanganate. 

The  results  obtained  hy  this  mctlio<l  when  comi>ared  vpith  that  by 
Roscoe  and  Lunt,  or  the  gasonietric  analysis,  differed  \'cry  slightly. 

Hydrogen  Peroxide, 

This  substance  is  now  largely  used  in  commerce,  and  is  sold  as 
containing  5,  10,  or  20  volumes  of  oxygen  in  solution.  This  should 
mean  that  the  Sjwcified  niunljer  of  voliunes  can  be  obtained  from  the 
solution  itself ;  bnt  preparations  are  sent  into  the  market  under  false 
pretences.  A  so-called  10  volume  solutioTi  gives,  it  is  true,  10  volumes 
of  0  when  decomposed  gasometrically  with  permangnnate,  but  5 
volumes  of  the  0  coinea  from  tho  i>ennanganate  itself,  and  therefore 
Buch  a  solution  is  really  only  5  volume.  A  true  10  volume  solution 
should  yield  from  itself,  when  fully  decomposed,  ten  times  its  volume 
of  0,  and  contain  by  weight  3-04  jjer  cent,  of  H^Oj  or  1-43  per  cent. 
by  weight  of  0. 
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Kingzett  {J.  0.  S.  1880,  792)  haa  shown  that  the  best  estimation 

of  the  hydrogen  peroxide,  contained  in  any  given  solution  of  it,  is 

made  by  iodine  and  thiosiilphate  in  the  presence  of  a  tolerably  large 

excess  of  sulphuric  acid,  the  reaction  being— 

2HI  +  HjOj  =  2HjO  +  Ij. 

The  function  performed  by  the  sulphuric  acid  ia  difficult  of 
explanation,  but  tlie  want  of  uniformity  in  the  reaction  experienced 
by  many  operators  no  doubt  has  arisen  from  the  use  of  insufficient 
acid. 

Method  op  Fbocbpube:  This  is  done  bj  miiinK  10  c.c.  of  tlie  peroiide 
BolutioD  to  be  eiamiaed  with  about  30  c.c.  of  dilute  sulphuric  acid  (1  :  2)  iD  a 
beaker,  addiiig  cryslale  of  potaMium  iodide  in  Hufficieot  quantity,  and  aiter 
etauding  Ave  minutes  titrating  the  liberated  iodine  with  "/lo  tbiosulphate  and 
starch.  The  peroxide  solution  should  not  exceed  the  strength  of  2  volumes;  if 
BiroDger,  it  must  be  diluted  proportiouatelj  before  the  titration. 

In  the  case  of  a  very  weak  solution  it  will  be  advisable  to  titrate  with  "/loo 
thiosulpbate, 

1  c.c.  ^/lo  thioBulphate=0-00085  gm.  H,0,  or  00008  gm.  O. 

A  method  of  estimating  the  oxygen  in  hydrogen  peroxide  by 
permanganate  was  inserted  in  a  previous  edition  of  this  book,  but 
experience  has  proved  it  to  be  useless. 

Carpenter  and  Nicholson  (Analyst  ix.  36)  report  a  series  of 
experiments  on  the  analysis  of  hydrogen  peroxide,  both  by  the  iodine 
and  permanganate  methods. 

The  conclusion  they  arrive  at  is,  that  the  process  of  Kingzettia 
accurate,  but  in  their  hands  somewhat  tedious,  owing  to  slow 
decomposition  towards  the  end.  Kingzett  however  states  that  if 
a  volume  of  strong  sulphuric  acid  equal  to  the  peroxide  taken  be 
used,  and  especially  if  the  dilute  solution  be  slightly  warmed,  the 
reaction  is  complete  in  a  few  minutes,  and  this  is  my  own  experience. 

A  number  of  experiments  have  been  made  by  C.  Smith 
{C.  N.  Ixxx,  194),  as  to  the  value  of  titrimetric  and  gasometric 
methods  of  ascertaining  the  amount  of  osygen  in  HjO^,  if  it  contains 
any  preservative  such  as  glycerin,  boric  acid,  boroglycerin,  salicylic 
acid,  etc.  The  result  was  to  show  that  the  iodine  and  thtosulphate 
method  gives  accurate  effects  with  any  of  the  preservatives  tried,  and 
in  the  presence  of  large  proportions  of  glycerin,  whereas  the 
permanganate  methods  both  titrimetric  and  gasometric  were  valueless. 

Sodium  F«rozid«. 

L.  Archbutt  (Aiiolyst  xx,  5)  gives  the  results  of  some  experiments 
on  the  estimation  of  the  oxygen  contained  in  this  substance,  and 
found  that'a  near  approximation  to  the  truth  could  be  obtained  by 
simple  titration  with  permanganate,  the  jieroxide  (one  or  two 
decigrams)  being  added  to  cold  water  acidified  with  HjSO^  contained 
in  a  white  dish,  and  ^/m  permanganate  dropped  in  with  stirring,  until 
the  colour  became  permanent;  but  a  more  exact  method  would  be  to 
add  a  known  weight  of  the  peroxide  to  an  excess  of  "/i^  per- 
manganate, previously  mixed  with  dilute  HjSO^,  and  titrate  for  the 
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excess  of  permanganate  with  *^/io  oxalic  acid.  Archbutt,  however, 
prefers  to  use  the  nitrometer,  and  recommends  the  following 
procedure  :  about  0-25  gm.  of  the  substance  is  placed  in  the  dry  tube 
of  the  nitrometer  flask,  and  in  the  flask  itself  about  5  c.c.  of  pure 
water,  containing  in  suspension  a  few  milligrama  of  precipitated  cobalt 
sesqui-oxide ;  this  latter  reagent  brings  about  a  rapid  and  complete 
decomposition  of  the  peroxide,  the  volume  of  oxygen  evolved  being 
the  available  oxygen  in  the  sample. 

PHOSFHOBIC  ACID  AND  FHOSFHATES. 

§  73.  Thk  estimation  of  phosphoric  acid  volumetrically  may  be 
done  with  more  or  less  accuracy  by  a  variety  of  processes,  among 
which  may  be  meutioned  tbat  of  Mohr  as  lead  phosphate,  the  indirect 
method  as  silver  phosphate  (the  excess  of  silver  being  found  by 
tbiocyanate),  by  atandanl  uranium  nitrate  or  acetate,  by  I'emberton's 
method  as  phoapbo-molybdate,  or  when  existing  only  as  moDOcalcic 
phosphate,  by  standard  alkali,  as  recommended  by  Mollenda  or 
Emmerling.  These  processes  are  mainly  useful  in  the  case  of 
Aianures,  or  the  raw  phoapbates  front  which  manures  are  manufactured, 
and  for  PjO^  in  urine,  etc.  For  the  purpose  mentioned,  that  is  to 
say,  when  in  combination  with  alkaline  or  earthy  alkaline  bases  and 
moderate  quantities  of  iron  or  alumina,  phosphoric  acid  may  be 
estimated  volumetrically  with  very  fair  accuracy,  and  with  much 
greater  rapidity  than  by  gravimetric  means  as  usually  carried  out. 
This  remark,  however,  can  only  be  applied  to  uranium  or  molybdenum 
methods ;  therefore  only  these  will  be  described. 

1.    Freoipitation  aa  TTraniiun  Phosphate  in  Aoetio  Aoid 
Solution. 

This  method  is  based  on  the  fact  tliat  when  uranium  acetate  or 
nitrate  is  added  to  a  neutral  solution  of  tribaaic  phosphoric  acid, 
such,  for  instance,  as  sodium  orthophosphate,  the  whole  of  the  phos- 
phoric acid  is  thrown  down  as  yellow  uranium  phosphate  UrjOy 
P^Oj  +  Aq.  Should  the  solution,  however,  contain  free  mineral  acid, 
it  must  be  neutralized  with  an  alkali,  and  an  alkaline  acetate  added, 
together  with  excess  of  free  acetic  acid.  In  case  of  using  ammonia 
and  ammonium  acetate,  the  whole  of  the  phosphoric  acid  is  thrown 
down  as  double  phosphate  of  uranium  and  ammonia,  having  a  light 
lemon  colour,  and  the  composition  Ur^Oj  3{NI{,()),  P^Oj  + Aq.  When 
this  precipitate  is  waslied  with  hot  water,  dried  and  burned,  the 
ammonia  is  entirely  dissipated  leaving  uranium  phosphate,  which 
possesses  the  formula  UrJ!),,  PjO.,,,  and  contains  in  100  parts  80-09 
of  uranium  oxide  and  19'91  of  phosphoric  acid.  In  the  presence 
of  tixed  alkalies,  instead  of  ammonia,  the  precipitate  consists  siniply 
of  uranium  phosphat«.  Jiy  this  method  phosphoric  acid  may  be 
completely  removed  from  all  the  alkalies  and  alkaline  eartlia;  also, 
with  a  slight  modification,  from  iron;  not,  however,  satisfactorily 
from  alumina  when  present  in  any  quantity. 
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The  details  of  the  gravimetric  process  were  fully  described  by  me 
(C.  N.  L  97,  122),  and  immediately  after  the  publication  of  that 
article,  while  employed  in  further  investigation  of  the  subject, 
I  devised  the  volumetric  method  now  to  be  described.  Since  that 
time  it  has  come  to  my  knowledge  that  Neubauer*  and  Pincust 
had  independently  of  each  other  and  myself  arrived  at  the  same 
process.  This  ia  not  to  be  wondered  at,  if  it  be  considered  how  easy 
the  step  is  from  the  ordinary  determination  by  weight  to  that  by 
measure,  when  the  delicate  reaction  between  uranium  and  potassium 
ferrocyanide  is  known.  Moreover,  the  great  want  of  a  really  good 
volumetric  process  for  phosphoric  acid  in  place  of  those  hitherto  used 
has  been  felt  by  all  who  have  anything  to  do  with  it,  and  consequeutly 
the  most  would  be  made  of  any  new  method  possessing  so  great  a 
claim  to  accuracy  as  the  gravimetric  estimation  of  phosphoric  acid 
by  uranium  undoubtedly  does. 

Conditions  under  which  approximate  aaouraoy  may  be 
insured. — Objections  have  been  urged,  not  without  reason,  that  this 
process  ia  inaccurate,  because  varying  amounts  of  saline  substances 
have  an  influence  upon  the  production  of  colour  with  the  indicator. 
Again,  that  very  different  shades  of  colour  occur  with  lapse  of  time. 
This  is  all  true,  and  the  analysis  is  unfortunately  one  of  that  class  which 
requires  uniform  conditions;  but  when  the  source  of  irr^ularity  is 
known,  it  is  not  difficult  to  obviate  them.  Therefore  it  is  absolutely 
essential  that  the  standardizing  of  the  uranium  solution  should  be 
done  under  the  same  conditions  as  the  analysis.  For  instance,  a 
different  volume  of  uranium  will  be  required  to  give  the  colour  in 
the  presence  of  salts  of  ammonia  to  that  which  would  be  necessary 
with  the  salts  of  the  fixed  alkalies  or  alkaline  earths.  But  if  tlie 
standard  solution  is  purposely  adjusted  with  ammonia  salts  in  about 
the  same  proportion,  the  difficulties  are  less,  Fortunately  this  can  be 
easily  done,  and  as  the  chief  substances  requiring  analysis  are  more 
or  less  ammoniacal  in  their  composition,  such  as  urine,  manures,  etc., 
no  practical  difficulty  need  occur. 

Excessive  quantities  of  alkaline  or  earthy  salts  modify  the  colour, 
but  especially  is  it  so  with  acetate  or  citrate  of  ammonia.  For  this 
reason  it  is  necessary  to  ensure  the  complete  washing  of  the  citro- 
magnesian  precipitate,  where  that  method  of  separating  FjOj  is 
adopted  previous  to  titration.  With  all  my  experience  of  this  method 
I  cannot  contend  that  it  is  an  absolutely  accurate  one,  but  it  is  never- 
theless a  very  rapid  and  convenient  one  for  manure  manufacturers  in 
testing  superphosphates  and  other  phosphate  fertilizers. 

2.  Eatimatioa  of  Phosphoric  Aoid  In  combination  with 
Alkaline  Bases,  or  in  presence  of  small  quantities 
of  Alkaline  Earths. 

The  necessary  materials  are — 

(a)     A  standard  solution  of  uranium  1  c.c.=0-005  gm.  P/J^. 

.  •  Archiv.filr  vaMnKUfllicht  SeUkundt.,  ir.  2J8. 
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(b)  A  standard  solution  of  tribasic  ]>]io3i>horic  acid, 

(c)  A  solution  of  sodium  acetate  in  dilute  acetic  acid,  made  by 
dissolving  100  gm.  of  sodium  acetate  in  water,  adding  50  c.c.  of 
glacial  acetic  acid,  and  diluting  to  1  liter.  E;(act  quantities  are  not 
necessary. 

{'/)  A  fresldy  prepared  solution  of  |)Otassiuin  ferrocyanide,  or 
some  finely  powdeiwl  pure  crystals  of  tlie  same  salt. 

Standard  Solutioii  of  UTaiiium. — This  solution  may  consist 
either  of  uranium  nitrate  or  acetate.*  An  approximate  solution  ia 
obtained  by  using  about  35  gm.  of  either  salt  to  tlie  liter.  In  using 
uranium  nitrate  it  is  imjwrative  that  the  sodium  acetate  sliould  be 
added  in  order  to  avoid  the  i>os.^ible  occurrence  of  free  nitric  acid  in 
the  solution.  With  acetate,  however,  it  may  lie  omitted  at  the 
discretion  of  the  ojierator,  but  it  is  important  tjiat  the  method  used 
in  standariUzing  the  uranium  be  invariably  adhered  to  in  the  actual 
analysis.  The  solution  aliould  Ijc  perfectly  clear  and  free  from  basic 
salt  Whether  made  from  acetate  or  nitrate,  it  is  advisable  to  include 
about  50  c.c.  of  pure  glacial  acetic,  or  a  corresiwuding  quantity  of 
weaker  acid  to  each  liter  of  solution  ;  ex]>osure  to  light  has  then  less 
reducing  action. 

My  own  practice  is  to  use  in  all  eases  acetate  solution,  and  dispense 
entirely  with  the  atldition  of  sodium  acetate. 

3,    Titration  of  the  Uranium  Solution. 

Standard  PhoBphoric  Acid. — ^^lien  the  uranium  solution  is  not 
reqiured  for  phosphate  of  lime,  it  may  be  titrated  upon  amnionio- 
sodium  phosjihate  (microcosmic  salt)  as  follows : — 5-886  gm.  of  the 
crystallized,  non-effloresced  salt  (previously  (wwdered  and  pressed 
between  bibulous  paper  to  remove  any  adhering  moisture)  are  weighed, 
dissolved  in  water,  and  diluted  to  1  liter.  50  c.c.  of  this  solution 
will  represent  O'l  gm.  of  V^Oy\ 

Method  of  PRociiDt'BE :  60  c.c.  of  thi^  solution  are  measured  into  a  miaU 
beaker,  5  c.c  sodium  acelale  solution  added  if  uranium  nitrate  is  to  be  used,  and 
the  mixture  healed  to  90^  or  100°  C.  The  uranium  dilution  is  tlien  delivered  in 
from  a  burette,  divided  into  ^  c.c,  until  a  lest  taken  shall  abow  the  slii^ht  pre- 
dominiince  of  uranium.  This  is  done  by  spreading  a  drop  or  two  of  the  hot 
mixture  upon  a  clean  white  level  pLite.  and  brinifiiift  in  contact  with  the  middle 
of  the  drop  a,  small  glawt  rod  moistened  ivllli  the  freshly  nude  solution  of 
ferrocyanide.  or  a  dust  of  the  powdered  salt.  The  oocurrence  of  a  faint  brown 
tinge  shows  an  excess  of  uranium,  the  slighlest  amount  ot  which  produces  a 
brown  precipitate  of  uranium  ferrocyanide. 
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A  second  or  third  titmtion  is  then  luade  in  the  same  way,  ao  as  to 
arrive  exactly  at  the  strength  of  the  uranium  solution,  which  is  then 
diluted  and  re-titiated,  until  exactly  30  c.c.  are  required  to  produce 
the  necessary  reaction  with  50  c,c.  of  {ihoaphatc. 

Suppose  18-7  c.c.  i)f  the  uranium  sohition  have  been  required  to 
protluce  the  colour  with  50  c.c.  of  pliosphate  solution,  then  every 
18'7  c.c.  will  liave  to  !«  diluted  to  20  c.c.  in  order  to  be  of  the 
proper  strength,  or  935  to  1000.  After  dilution,  two  or  three  fresh 
trials  must  be  made  to  insHre  accuracy. 

It  is  of  considerable  importance  that  the  actual  experiment  for 
estimating  phosphoric  acid  by  means  of  tlie  uranium  solution  should 
take  place  with  about  the  same  bulk  of  fluid  that  has  been  used  in 
standardizing  the  solution,  and  the  production  of  the  same  depth  of 
colour  in  testing.  Hence  the  proportions  here  recommended  have 
been  chosen,  so  that  50  c.c.  of  liquid  shall  contain  O'l  gni.  of  P^Oj. 

Standard  Fboaphorio  Acid  coireBpondiug  rolume  for 
volume  with  Standard  Uranium. — This  solution  is  obtained  by 
dissolving  14'715  gm.  of  microcosmic  salt  in  s  liter,  and  is  two  and 
a  half  times  the  strength  of  the  sohition  before  described ;  it  is  used 
for  residual  titration  in  case  the  required  volume  of  uranium  is  over- 
stepped in  any  given  analysis. 

A  little  practice  enables  the  operator  to  tell  very  quickly  the 
precise  point ;  but  it  must  be  remembered  that  when  the  two  drops 
are  brought  tc^ether  for  the  production  of  the  chocolate  colour,  how- 
ever faint  it  seems  at  first,  if  left  for  some  little  time  the  colour 
increases  considerably;  but  this  has  no  effect  upon  the  accuracy  of 
the  process,  since  the  original  standard  of  the  solution  has  l>een  based 
on  an  experiment  conducted  in  precisely  the  same  way. 

MsrnoD  of  Pboceduse  ;  In  estimating  unknown  quantities  of  PjO|  it  is 
necessary  tu  have  «n  spproximale  knowlodge  of  the  amount  in  any  ^veu 
material,  so  as  to  tulfll  aa  neurl;  aa  possible  the  conditions  laid  down  above  ;  that 
is  to  Bay,  60  c.c.  of  solution  shall  contain  about  01  gni  PjOj,  or  whatever  other 
proportion  may  have  been  used  in  standardizing  the  uraaium. 

The  compound  containing  theP^O,  to  be  e9timat«d  is  dissolved  in  water;  it  no 
ammonia  is  present,  1  c.c.  of  10  per  cent,  solution  is  dropped  in  and  neutralized 
with  tie  least  possible  quantity  of  acetic  acid  (also  6  o,c.  of  sodium  acetate  i( 
uranium  nitrate  has  to  be  used),  and  the  volume  made  up  to  about  50  cc,  then 
heated  to  about  Wf  C.  on  the  water  bath,  and  the  uranium  solution  delivered  iu 
cautiously,  with  frequent  testing  as  above  described,  until  the  faint  brown 
tinge  appears. 

The  first  trial  will  give  rouRhly  the  amount  of  solution  required,  and  taking 
that  BB  a  guide,  the  operator  can  vary  the  amount  of  liquid  for  the  final  titration, 
should  the  proportioai^  be  found  widely  differing  from  those  under  which  the 
stren^h  of  the  uranium  was  originally  fixed. 

Each  CO.  of  uranium  solution  ^O'OOG  gm.  P,0,. 


4.  EatimatioD  of  Phosphoric  Aaid  in  combination  Trith  Lime 
and  Hagneaia  (Bones,  Bone  Ash,  Soluble  Phoaphates, 
and  other  Fbosphatio  Materials,  ftee  from  Iron  and 
Alumina). 

The  procedure  in  these  cases  differs  from  the  foregoing  in  two 
respects  only ;    that   is    to  say,   the  uranium  solution  is  preferably 
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Btaad&idized  by  tribasic  calcium  phosphate ;  and  in  the  process  of 
titration  it  is  necesaary  to  add  nearly  the  full  amount  of  uranium 
required  before  heating  the  mixture,  so  aa  to  prevent  the  precipitation 
of  calcium  phosphat«,  which  is  apt  to  occur  in  acetic  acid  solution 
when  heated;  or  the  modification  adopted  by  Freaenine,  Neubauer, 
and  Luck,  may  be  used,  which  consists  in  reveraiuR  the  process  by 
taking  a  measured  volume  of  uranium,  and  delivering  into  it  the 
solution  of  phosphate  until  a  drop  of  the  mixture  ceases  to  give  a 
brown  colour  with  ferrocyanide.  This  plan  gives,  however,  much 
more  trouble,  and  possesses  no  advantage  on  the  score  of  accuracy, 
because  in  any  case  at  least  two  titrations  must  occur,  and  the  first 
being  made  somewiiat  roughly,  in  the  ordinary  way,  shows  within 
1  or  2  c.c.  the  volume  of  standanl  uranium  required  ;  and  in  the  final 
trial  it  is  only  necessary  to  add  at  once  nearly  the  quantity,  then 
heat  the  mixture,  and  finish  the  titration  by  adding  a  drop  or  two 
of  uranium  at  a  time  luitil  the  required  colour  is  obtained. 

This  reversed  process  is  strongly  advocated  by  many  operators, 
but  except  in  rare  instances  I  fail  to  see  its  superiority  to  the  direct 
method  for  general  use.  The  best  modification  to  adopt  in  the  reverse 
process  is  to  use  invariably  an  excess  of  uranium,  and  to  titrate  back 
with  standard  phosphate  solution  till  tlie  colour  disappears ;  this 
avoids  all  the  troiible  of  preparing  and  cleaning  a  burette  for  the 
solution  to  be  analyzed,  and  if  a  standard  phosphate  is  made  to 
correspond  volume  for  volume  with  the  uranium,  an  analysis  may 
always  be  brought  into  order  at  any  stage. 

Standard  Calolum  Flioaphate. — It  is  not  safe  to  depend  u|>on 
the  usual  preparations  of  tricalcium  phosphate  by  weighing  any  )^ven 
quantity  direct,  owing  to  uncertainty  as  to  the  state  in  which  the 
phosphoric  acid  may  exist ;  therefore,  in  order  to  titrate  the  uranium 
solution  with  calcium  phosphate,  it  is  only  necessary  to  take  rather 
more  than  5  gm.  of  precipitated  pure  tricalcium  phosphate  such  aa 
occurs  in  commerce,  dissolve  it  in  a  slight  excess  of  dilute  hydrochloric 
acid,  precipitate  again  with  a  slight  excess  of  ammonia,  re-dissolve  in 
a  moderate  excess  of  acetic  acid,  then  dilute  to  a  liter ;  by  this  means 
is  obtained  a  solution  of  acid  monocalciiim  phosphate,  existing  under 
the  same  conditions  as  occur  in  the  actual  analysis.  In  order  to 
ascertain  the  exact  amount  of  tribasic  phosphoric  acid  present  in 
a  given  measure  of  this  solution,  two  jiortions  of  60  c.c.  each  are 
placed  in  two  l>eBkers,  each  holding  about  half  a  liter.  A  slight 
excess  of  solution  of  uranium  acetate  or  nitrate  is  then  added  to  eacli, 
tt^ether  with  about  10  c,c.  of  the  acetic  solution  of  sodium  acetate; 
they  arc  then  heated  to  actual  boiling  on  a  hot-plate  or  sand-bath,  the 
beakers  filled  up  with  boiling  distilled  water,  and  then  set  aside  to 
settle,  which  occurs  very  sjieedily.  The  suiiematant  fluid  should  be 
faintly  yellow  from  excess  of  uranium.  When  perfectly  settled,  the 
clear  liquid  is  poured  off"  aa  closely  as  possible  witliout  disturbing  the 
precipitate,  and  tlic  beakera  again  filled  up  with  boiling  water.  The 
same  should  be  done  a  third  time,  when  the  precipitates  may  be 
brought  on  two  filters,  and  need  very  little  further  washing. 
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When  the  filtmtion  ie  complete,  the  filters  are  dried  and  ignited 
separate  from  the  precipitate,  taking  care  to  bum  off  all  carbon. 
Before  being  weighed,  however,  tlie  uranium-phosphate  must  be 
moistened  with  strong  nitric  acid,  dried  perfectly  in  the  water-bath  or 
oven,  and  again  ignited ;  at  first,  very  gently,  then  strongly,  so  as  to 
leave  a  residue  when  cold  of  a  pure  hght  lemon  colour.  This  is 
uranium  phosphate  UrjOg,  PjOj,  the  percentage  composition  of  which 
ia'80'09  of  uranium  oxide,  and,19'91  of  phosphoric  acid. 

The  two  precipitates  are  accurately  weighed,  and  should  agree  to 
within  a  trifle.  If  they  differ,  the  mean  is  taken  to  represent  the 
amount  of  PjOj  in  the  given  quantity  of  trioalcium  phosphate,  from 
which  may  be  calculated  the  strength  of  the  solution  to  be  used  as 
a  standard.  Of  course  any  other  accurate  method  of  determining  the 
PjOj  may  be  used  in  place  of  this. 

The  actual  standard  required  is  5  gm.  of  pure  tricalcium  phosphate 
per  liter ;  and  it  should  be  adjusted  to  this  strength  by  dilution,  after 
the  actual  strength  has  been  found.  In  this  way  is  ol)tained 
a  standard  which  agrees  exactly  with  the  analysis  of  a  superphosphate 
or  other  simUar  n 


Standard  Uranium  Solution. — This  is  best  a^ju^*^  ^  ^u<^^ 
strength  that  25  c.c.  are  required  to  give  the  faint  chocolate  colour 
with  ferrocyanide,  when,  50  c.c.  of  the  standard  acetic  solution  of 
calcium  phosphate  are  taken  for  titration.  Working  in  this  manner 
each  c.c.  of  uranium  solution  represents  1  per  cent,  of  soluble 
tricalcium  phosphate,  when  1  gm.  of  manure  is  taken  for  analysis, 
because  50  c.c.  of  the  calcium  phosphate  will  contain  monocaleium 
phosphate  equal  to  0-25  gm.  of  Ca^PaOj  and  will  require  25  c.c.  of 
uranium  solution  to  balance  it. 

These  standards  are  given  as  convenient  for  manures,  but  they  may 
be  modified  to  suit  any  particular  purpose. 

The  kbtbod  with  ScpERPHOSPHiTKS  fbee  feom  Fb  and  Al,  bxcbpt 
IH  MEBB  TBACB8,  is  ss  followB : — 10  gm.  of  the  substance  are  vreighed,  placed 
in  a  small  glass  mortar  and  gently  broken  down  by  the  pentle,  cold  water  being 
used  to  bring  it  to  a  amootli  cream.  The  material  should  not  be  graund  or 
rubbed  hard,  which  might  cause  the  dilution  of  some  insoluble  phosphate  in  the 
conoentrated  miiture.  The  cream;  substance  U  washed  gradually  without  loss 
into  a  measuring  Qask  marked  at  603'5  c.c,  the  3'5  c.o.  being  the  space  occiimed 
by  the  insoluble  raatlere  in  an  ordinary  25  to  30  per  c«ut.  superphosphate.  The 
flask  is  filled  to  the  mark  with  cold  water,  and  shaken  every  few  minutes  during 
about  half-an-hour.  A  portion  is  then  filtered  through  a  dry  filter  into  a  dry 
beaker,  and  GO  c.c.^1  gm.  ot  manure  measured  into  a  beaker  holding  about 
100  c.c.  Sufficient  10  per  cent,  ammonia  is  then  added  to  preoipitote  the 
monocalcium  phosphate  in  the  fonn  of  CagPjOg  (in  all  ordinary  superphospbatefl 
there  is  enough  Ca  present  as  sulphate  to  ensure  this,  and  four  or  five  drops  of 
ammonia  generally  suffice  to  effect  the  precipitation).  Acetic  acid  is  then  added 
in  just  suSicient  qiuntity  to  render  the  liquid  clear.  Should  traces  of  gelatinous 
AlPOi  or  FePO.  occur  at  this  stage,  the  liquid  will  be  slijihtly  opalescent ;  but 
this  may  be  disregarded  if  only  slight,  as  the  subsequent  heating  will  enable  the 
uranium  to  decompose  it.  If  more  than  traces  occur,  the  method  will  not 
be  accurate,  and  recourse  must  he  had  to  separation  by  the  citro-maguesiuin 
solution. 

While  the  liquid  is  still  cold,  a  measured  volume  of  the  standard  uranium  is 
run  in  with  stirring,  and  odssional  drops  are  taken  out  with  a  gla.<(s  rod,  and  put 
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in  contact  with  wme  feirocysnide  indicator  sprinkled  on  >  white  jilate  until  * 
taint  colour  occurs.  The  bester  is  then  pUced  id  the  water-baUi  for  a  few 
minutes,  and  again  the  mixture  tested  with  the  indicator:  after  heating  in  this 
RBij  the  testing  ought  to  show  no  colour.  More  uranium  is  then  added  with 
stirring,  and  drop  bj  drop  till  the  proper  reaction  occura.  This  titration  is  only 
a  guide  for  a  second,  which  maj  be  made  more  accurat«  by  running  in  at  once 
very  nearly  the  requisite  lolume  of  uranium. 

This  operation  may  be  reversed,  if  so  desired,  by  making  the  clear 
solution  of  phosphate  up  to  a  definite  volume  (say  60  c.c),  and 
running  it  from  a  burette  into  a  measured  volume  of  uranium  until 
a  test  taken  sliows  no  colour. 

6.    Estimation   of   Phosphoric   Acid  in    Uinerals   or  other 
substances  containing  Iron,  Alumina,  or  other  dis- 
turbing matters. 
In  order  to  make  use  of  any  volumetric  process  for  this  purpose 
the  phosphoric  acid  muRt )«  Re[)arated.    Ab  has  been  already  described, 
ttiis  may  be  done  either  as  molybdenum  phosphate  followed  by 
solution    in   NH^,  and    again   precipitated    with   ordinary   m^nesia 
mixture,  or  direct  separation  by  the  citro-m^piesium  mixture  desurihed 
below.     In  either  case  the  ammonio-magnesium  salt  is  dissolved  in 
the  least  possible  quantity  of  nitric  or  hydrochloric  acid,  neutralized 
with  ammonia,   acidified    with   acetic  acid,  and    the   titration  with 
uranium  carried  out  as  before  described. 

6.    Joulie's  Method. 

This  ditfera  somewhat  from  the  foregoing,  and  may  be  summarized 
as  follows  (Munro,  C.  N.  Hi.  85). 

Joulie  applies  the  citro-magnesium  method  to  all  phosphates, 
whether  containing  iron  and  alumina  or  not,  and  prefers  nitrate  to 
acetate  of  ummum. 

Method  of  Pbotedurb  :  1  to  10  gm.  of  the  sample  are  dissolved  in  UCl. 
Some  chemiflta  we  nitric  acid  with  a  view  of  leaving  as  much  ferric  oxide  u 
possible  undissolved.     This  cource   is   condemued   by  the  author,  because  the 

B«sence  of  ferric  salts  in  no  way  interferes  with  the  process,  and  because 
CI  is  a  much  better  solvent  of  mineial  phosphates  tliau  nitric  acid,  and 
leaves  n  residue  free  from  iron,  by  the  whiteness  of  which  one  may  judge  of 
the  completeness  of  the  attack.  In  the  case  of  photipbates  containing  a  little 
pyrites,  nitric  add  should  be  used  in  conjuuction  with  lijdrochloric.  The 
removal  of  silica  by  evaporation  to  dryness  is  necei=sary  only  in  Ihosc  cases  where 
the  sample  contains  silicates  decomposable  by  UCl,  with  separation  of  gelatinous 
silica.  The  mmple  is  boiled  with  the  acid  in  a  measuring  flask  until  the  residue 
ia  perfectly  white,  the  contenta  are  cooled,  made  up  to  the  mark  with  cold  water, 
mixed,  filtered  through  a  dry  Alter,  and  such  a  fraction  of  the  filtrate  withdrawn 
by  a  pipette  as  contains  about  60  m.gm.  of  PjO{.  The  sample  being  delivered 
from  the  pipette  iuto  a  small  beaker,  lU  c.c.  of  citro-magnesium  solution  are 
added,  and  tlien  a  large  excess  of  ammonia.  If  this  quantity  of  citro-magnesium 
solution  is  sufficient,  no  precipitate  will  form  luitil  the  lapse  of  a  few  moments ; 
should  an  intfnerfi'd/f  precipitate  form,  it  is  iron  or  aluminium  phosphate.  In 
this  fsife  a  fresh  rample  must  be  pipetted  off,  and  20  c.c.  of  citro-magnesium 
solution  are  added ;  it  is  of  no  use  adding  another  10  c.c.  of  the  citric  solution  to 
the  original  sample,  as  the  precipitated  phosphates  of  iron  and  aluminium  do  not 
readily  redissolve  when  once  formed. 
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Citbo-Magkesil'u  Sdllition.— 27  gm.  of  pure  inagne«iuiti  larbonate  Kre 
added  by  degrees  to  a  eolutioa  of  270  gtn.  of  citric  acid  in  350  c.e.  of  warm 
water  ;  when  aU  eServeeceuoe  is  over  and  the  liquid  cool,  about  400  c..c.  of 
solution  of  ammonia  are  added,  contaiaii^  10  per  cent,  of  NHj  (about  0'96  up. 
gr.),  or  if  other  Btrecgth  in  ofei,  enough  to  ensure  decided  eicess  of  Nil,:  the 
whole  iH  then  diluted  to  a  liter,  and  preserved  in  a  irell-aloppered  bottle. 

The  old  pUn  of  adding  flnt  citric  acid  and  tben  "magnesia  mixture  "  to  the 
solution  under  analysis  frequently  leads  to  iocomplele  precipiUitiDn  of  the 
phosphoric  acid,  because  the  ammonio- magnesium  phospfaate  is  slightly  soluble 
in  ammonium  citrate  unless  a  sufficient  excess  of  magnesium  salt  is  present,  and 
therefore  the  quantity  of  magnesium  salt  should  be  mcreased  pari  paitu  with  the 
citric  acid  required,  which  is  best  dons  when  they  are  in  solution  together.  The 
liquid  after  precipitation  is  allowed  to  stand  from  2  to  12  hours  (covered  to 
prevent  evaporation  of  ammonia),  and  then  decanted  through  a  small  filter.  The 
precipitate  remaining  in  the  beaker  is  washed  with  weak  ammonia  by  decnntation, 
and  then  on  the  filter  until  the  flltrale  gives  no  precipitate  with  sodium 
phosphate.  Dilute  nitric  acid  is  next  poured  into  the  b^ker  to  dissolve  the 
precipitate  adhering  to  the  glass,  thence  on  to  the  precipitate  on  the  filter.  The 
nitric  solution  is  received  in  a  beaker  holding  about  150  c.c.  and  marked  at  77  c.c. 
After  two  or  three  washings  with  acidulated  water  the  filler  itself  is  detached 
from  the  funnel  and  added  to  the  contents  of  the  beaker,  as  the  paper  is  found  to 
retain  traces  of  PgOi  even  after  many  washingH.  Dilute  ammonia  is  next  added 
until  a  slight  turbidity  is  produced,  which  is  removed  by  the  addition  of  one  or 
two  drops  of  dilute  nitric  acid,  the  liquid  is  heated  to  boiling,  S  c.c.  of  the  sodium 
acetate  sohitton  added  (§  T2.2  c),  and  the  titration  with  uranium  nitrate 
immediately  proceeded  with. 

The  Standabu  Ubanioh  Nitbate  is  made  by  dissolving  about  40  gm.  of 
the  pure  crystals  in  800  c.c.  water,  adding  a  few  drops  <if  ammonia  to  produce  a 
«liglit  turbidity,  then  acetic  acid  until  cleared,  and  diluting  to  1  liter.  Acet>t« 
n  should  not  be  used,  as  it  is  said  to  leoseii  the  sensibility  of  the  end- 
uranium  solution  is  titrated  with  10  c.c.  of  a  standard  solution  of 
1  phoxphate  contuning  810  gm.  of  the  pure  dry  salt  per  liter 
(1  c.o.=0'006  icta.  PjOi).  The  ammonium  phosphate  solution  is  verified  by 
evaporating  a  measured  quantity  (say  60  CO.)  of  it  to  dryness  with  a  measured 
quantity  of  a  solution  of  pure  ferric  nitrate  containing  an  excels  of  ferric  oxide, 
and  calcining  the  residue.  The  difference  in  weight  between  tits  calcined 
residue  and  that  from  an  equal  volume  of  ferric  nitrale  solution  evaporated  alone, 
is  the  weight  of  phosphoric  anhydride  contained  in  the  60  c.c.  of  ammonium 
phospliale  wlution.  The  actual  verification  of  the  uranium  nitrate  is  perfarmed 
by  measuring  accurately  10  cc.  of  the  ammonium  phosphate  into  a  beaker  marked 
at  75  c.c,  adding  6  c.c.  of  the  sodium  acetate,  making  up  with  water  to  about 
30  c.c,  and  beating  to  bailing.  9  cc.  uFsnium  are  then  run  in  from  a  burette, 
and  the  liquid  tested  in  tbe  usual  way  with  ferrocyanide.  From  this  point  the 
uranium  is  added  two  or  Ihree  drops  at  a  time,  until  the  end-reaction  just 
appears,  the  burette  being  read  off  at  each  testing.  As  soon  as  the  faintest 
colouration  appears,  the  beaker  is  immediately  filled  to  the  mark  with  boiling 
distilled  water,  and  another  test  made.  If  the  operation  has  been  properly 
conducted  no  brown  colour  will  be  detected,  owing  to  the  dilution  of  the 
liquid,  and  one  or  two  dropG  more  of  the  uranium  solution  must  be  added 
before  the  colour  becomes  evident,  and  tlie  burette  is  finally  read  off.  A  constant 
eomction  is  subtracted  from  all  readings  obtained  in  this  way  :  it  is  the  quantity 
of  uranium  found  necessary  to  give  the  end-reaction  with  o  c.c.  of  the  sodium 
acetate  solution  alone,  diluted  t«  75  c.c.  with  boiling  water  as  above  described. 
The  end-point  must  alwaj's  be  verified  by  adding  three  or  four  drops  of  uranium 
in  excess,  and  testing  ^in,  when  a  strongly  marked  colour  should  be  produced. 
The  standard  uranium  is  made  of  the  same  strength  as  the  standard  ammonium 
phosphate,  in  order  to  eliminate  the  error  caused  by  changes  in  the  temperature 
of  the  laboratory.  The  actual  analysis  is  made  in  the  same  way  as  the  titration 
of  the  standard  uranium,  excejtt  that  a  slight  emir  is  introduced  by  the  number 
of  tests  that  have  to  be  made  abstracting  a  small  fraction  of  tbe  assay.  To 
correct  this,  a  second  estimation  should  always  be  made,  and  nearly  the  whole  of 
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the  vuntnium  found  neoesnry  in  the  first  trial  should  be  added  at  ooce.  Teetsare 
then  made  at  iaterrals  of  two  or  three  drops,  and  the  final  and  correct  retult 
should  slightlj  exceed  that  obtained  in  the  fint  trial. 

7.    Femberton's  Origiaal  Molybdio  Kethod. 

This  proceas,  with  all  the  steps  that  led  to  its  adoption,  and  the 
-difficulties  involved,  is  described  in  a  paper  read  liefore  the  chemical 
section  of  the  Franklin  Institute  in  1882  {C.  N.  xlvi.  4). 

The  process  is  based  on  the  fact  that,  if  a  standard  aqueous  solution 
of  ammonium  molybdate  be  added  to  one  of  phosphoric  acid,  in  the 
presence  of  a  lai^e  proportion  of  ammonium  nitiatc, .  accompanied 
with  a  small  excess  of  nitric  acid,  and  heat  applied  to  the  mixture, 
the  whole  of  the  PjO^  is  immediately  and  completely  carried  down  as 
phospho-molybdate  quite  free  from  MoO,.  A  small  excess  of  the 
precipitant  renders  the  supernatant  liquid  clear  and  colourless,  and 
the  ratio  of  moiybtlenum  trioxide  to  phosphoric  anhydride  is  always 
the  same. 

The  weak  part  of  the  method  is  the  difficulty  in  finding  the  exact 
point  at  which  the  precipitation  is  ended,  because  the  yellow  precipitate 
does  not  settle  in  clots  like  silver  chloride,  and  hence  filtration  is 
necessary,  in  order  to  obtain  a  portion  of  clear  liquid  for  testing  with 
a  drop  of  the  molybdate. 

B.    Pemberton'8  later  Molybdio  Uetbod. 

This  method,  a  full  description  of  which  is  given  in  J.  Am.  C.  S. 
1894,  278,  is  one  which  requires  great  delicacy  of  manipulation,  but 
gives  excellent  results  with  all  the  alkaline  or  earthy  phosphal«s. 

A  final  arrangement  of  this  process  has  been  communicated  to  me  by 
B.  W.  Kilgore,  State  Chemist  in  the  Agricultural  Department, 
North  Carolina,  who  states  that  many  thousands  of  determinations  of 
PgOj  in  fertilizers  have  been  given  during  the  last  two  years  and  with 
great  satisfaction.     The  process  is  carried  out  as  follows  : — 

(o)  Mbthod  of  Effbctino  Soltttiok  of  the  Phosphates. — Dissolve, 
by  bailing  on  a  sand-bath  to  10  lo  15  c.c.  concentration,  2  gm.  aubatance  with 
30  c.c  concentrated  nitrio  acid  and  10  c.c.  hydrochtorio  acid.  Cool  and  make  up 
to  200  c.c,  with  water.  In  nubstances  containing  much  iron  and  alumina  effect 
solution  with  30  c.c,  concentrated  hydrochloric  acid  alone. 

(i)  I)ErEHMis»Tios.— For  percentages  of  P,Oi  below  5,  measure  out  aliquot 
ojrreaponding  to  0'4  gm.  substance;  for  percentages  between  5  and  20  use 
aliquot  corresponding  to  02  gm.  substance;  and  for  percentages  above  20  use 
aliquot  corresponding  to  O'l  gm.  substance.  Place  the  aliquot  in  a  600  c.c. 
£  rlenmeyei  flask  and  increase  the  bulk  of  solution  to  about  SO  c.c.  with  water. 
Neutralize  excess  oF  acid  with  ammouia  and  add  10  to  15  gm.  ammonium  nitrate, 
^e  quantity  depending  upon  the  amount  of  chlorides  present.  Cool,  add  30  c.c. 
■of  recently  filtered  molybdio  solution  and  securely  stopper.  (Antimony  rubber 
BtoppeiB  have  been  found  most  satisfactory  tor  this  purpose.)  Place  tbe  flask  in 
a  shakiag  machine  and  shake  for  30  minutes.  Bemove  and  filter  through  carbon 
Alter  by  means  ot  suction. 

After  thoroughly  transferring  the  ammonium  phospho-molybdate  and  washing 
'Out  the  flask  on  to  tbe  asbestos  filter,  six  more  washings  are  given  the  precipitite. 
Then  remove  the  stopper  from  the  pressure  flask  with  the  small  end  of  the  carbon 
Alter  still  stuck  through  it,  and  hold  upright  over  the  sink  and  wash  tlie  outside 
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free  from  acid  witb  distilled  mter.  Reverse  the  carbon  fllt«r  into  the  mouth  of 
the  flask  that  oriTioallj  contained  the  preciplt»t«,  still  holding  the  9ma.ll  stem, 
and  hj  means  of  the  copper  wire  that  extends  beyond  the  small  end  of  the  carbon 
filter,  push  out  the  disk,  asbestos  and  precipitate  into  the  flask  and  nasb  the  disk 
and  inside  of  carbon  filter  CHirefuUy  with  a  Hmall  stream  of  water.     Dissolve  the 


(i)  FlLTEKIHO  Bbvicb. — Through  a  rubber  stopper  in  a  16  ounce  pressure 
bottle  in  Erlenmejer  form  is  pa^ed  the  small  end  of  *  carbon  filter ;  in  the 
bottom  of  this  is  placed  a  perforated  porceUun  plate  or  disk  to  which  is  rigidlj 
fastened  a  No.  19  copper  wire,  about  25  cm.  long,  that  projeclti  downward,  into 
the  pressure  tmttle.  The  disk  is  covered  with  a  thin  la^r  of  asbestos  prepared 
according  to  Gooch. 

(e)  Shieikq  Machimb.— Use  the  apparatus  devised  by  Wagner,  except 
that  the  cap  that  fits  over  the  top  of  the.flask  is  made  larger.  It  holds  10  flasks 
and  can  be  revolved  either  by  band  or  motor.  The  machine  should  be  maintained 
at  40  to  SO  revolutions  per  minute,  as  this  is  the  velocity  that  has  been  found  to  - 
give  the  maximum  a^tating  efficiency. 

Fr^aratdon  of  Beagents. 

(a)  Stahdabd  PoTABSieu  Hydroxide  Solution. — This  solution  contains- 
9'0S663  gm.  of  potasnum  hydroxide  to  tbe  liter.  It  is  prepared  by  dilutiog  to  I 
liter  161*19  c.c.  of  normal  potassium  hydroxide,  which  nas  been  freed  from- 
carbonatee  by  dissolvic^  in  alcohol  distilled  over  sodium  or  potassium  hydroxide 
and  flltering  by  reverse  filtration.  The  standard  alkali  should  not  contun  more 
than  130  to  130  cc,  of  alcohol  lo  the  liter,  as  a  lai^er  amount  might  ^ve  reduc*- 
tion  and  corwequent  coloration  in  titration.  One  hundred  c.c.  of  ttiis  solution 
^ould  neutralize  16*19  c.c.  normal  acid.  One  c.c  is  equal  to  one-half  milligram 
P,0,  (one-half  per  cent.  P,Oj  on  basis  of  0*1  gra.  substance). 

(i)  Stindabd  NtTKic  Acii)  Solftion. — The  strength  of  this  solution  is 
the  same  as  the  standard  alkali,  and  is  determined  by  titrating  against  that 
solution,  using  phenolphtbalein  aa  indicator. 

s  dissolved 


molybdate  may  be  precipitated. 

BlSTitLEO  Water.^AU  washing  and  diluting  should  be  with  distilled  water. 
Distilled  water  obUiued  from  water  containing  lar^  amount  of  binarbonates  is 
liable  to  contain  considerable  carbon  dioxide  in  solution.  This  water  can  be  used 
in  washing  the  ammonium  phosphomolybdate,  but  should  be  used  neither  in- 
transferrinir  the  precipitate  nor  in  diluting  before  titration.  Boiling  the  water 
prior  to  using  will  obviate  this  dif&culty. 

There  are  other  volumetric  methods  Bugge,tted  by  various  chemists* 
for  phosphoric  acid  mostly  consisting  of  alkaline  estimatioua,  but 
beyond  those  quoted  in  §  28,  I  have  found  none  of  easy  or  rehable- 
effects. 
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SILVEB. 

Ag=  107-94. 

1  c.e.  or  1  dm.  "/„  sodium  chloride  =  0010794  f^.  or  0-10794 
gm.  Silver;  also  0-016998  gm.  or  0-16998  grn.  Silver  nitrate. 

1.    Precipitation  with  ^  Sodium  Chlotide. 

§  74.  The  detcnnination  of  silver  is  precisely  the  converse  of  the 
operations  described  under  chlorine  (§  54,  1  and  2),  and  the  process 
may  either  be  concluded  by  adding  the  sodium  chloride  till  no  further 
precipitate  is  produced,  or  potassium  chroraate  may  be  used  as  an 
indicator.  In  the  latter  case,  however,  it  is  advisable  to  add  the  salt 
solution  in  excess,  then  a  drop  or  two  of  chromate,  atid  titrate 
residually  with  "/n,  silver,  till  the  red  colour  is  produced,  for  the 
excess  of  sodium  chloride. 

2.    By  Ammomum  Thiocyanate. 

The  ]>rinciple  of  this  method  is  fully  described  in  §  43,  and  need 
not  further  be  alluded  to  here.  The  author  of  the  method  (V'olhard) 
states,  that  comparative  tests  made  by  this  method  and  that  of 
Gay  Lussac  gave  equally  exact  results,  both  being  controlled  by 
cupellation,  but  claims  for  this  process  that  the  end  of  the  reaction  is 
more  easily  distinguished,  and  that  there  is  no  labour  of  shaking,  or 
danger  of  decomposition  by  light,  as  in  the  case  of  cldoride.  My  own 
experience  fully  confirms  this.  The  method  is  now  adopted  largely  in 
place  of  Gay  Lussac'a  for  silver  assays. 

3.    Estimation  of  Silver,  in  Ores  and  Alloys,  by  Starch 
Iodide  (Method  of  Fisani  and  F.  Field). 

If  a  solution  of  blue  starch-iodide  be  added  to  a  neutral  solution  of 
silver  nitrate,  while  any  of  the  latter  is  jn  excess,  the  blue  colour 
disappears,  the  iodine  entering  into  combinatiou  with  the  sUver ;  as 
soon  as  all  the  silver  is  thus  saturated,  the  blue  colour  remains 
permanent,  and  marks  the  end  of  tlie  process.  The  reaction  is  very 
delicate,  and  the  process  is  more  especially  applicable  to  the  analysis 
of  ores  and  alloya  of  silver  containing  lead  and  copper,  but  not 
mercury,  tin,  iron,  manganese,  antimony,  arsenic,  or  gold  in  solution. 

The  solution  of  starch  iodide,  devised  by  Pisani,  is  made  by 
rubbing  together  in  a  mortar  2  gm.  of  iodine  with  16  gm.  of  starch 
and  about  6  or  8  drops  of  water,  putting  the  moist  mixture  into  a 
stoppered  flask,  and  digesting  in  a  water  bath  for  about  an  hour, 
or  until  it  has  assumed  a  dark  bluish-grey  colour ;  water  is  then  added 
till  all  is  dissolved.  The  strength  of  the  solution  is  then  ascertained 
by  titrating  it  witli.  10  c.c.  of  a  solution  of  silver  containing  1  gm.  in 
the  liter,  to  which  a  portion  of  pure  precipitated  calcium  carbonate  is 
added ;  the  addition  of  this  latter  removes  all  excess  of  acid,  and  at 
the  same  time  enables  the  operator  to  distinguish  the  and  of  the 
reaction  more  accurately.     The  starch  iodide   solution  should  be  of 
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such  a  atrengtli  tlmt  about  50  c.c.  are  required  for  10  c.c.  of  the  ailver 
solution  (  =  0-01  gm.  silver). 

F.  Field  (C.  N.  ii.  17),  who  discovered  the  principle  of  this  method 
simultaneously  with  Pisani,  uses  a  solution  of  todiue  in  potassium 
iodide  with  starch.  Those  who  desire  to  make  use  of  this  plan  can 
use  the  "^/lo  and  "/loo  solutions  of  iodine  described  in  §  38. 

In  the  analysis  of  silver  containing  copper,  the  solution  must  be 
considerably  diluted  in  order  to  weaken  the  colour  of  the  copper ; 
a  small  measured  portion  is  theu  taken,  calcium  carbonate  added,  and 
starch  iodide  till  the  colour  is  permanent.  It  is  beat  to  operate  with 
about  from  60  to  100  c.c,  containing  not  more  than  0'03  gm.  silver ; 
when  the  quantity  is  much  greater  than  this,  it  is  preferable  to 
precipitate  the  greater  portion  with  "/lo  sodium  chloride,  and  to 
complete  with  starch  iodide  after  filtering  off  the  chloride.  When 
lead  is  present  with  silver  in  the  nitric  acid  solution,  add  sulphuric 
acid,  and  filter  off  the  lead  sulphate,  then  add  calcium  carbonate  to 
neutralize  excess  of  acid,  filter  again  if  necessary,  then  add  fresh 
carbonate  and  titrate  as  described  above. 

4.    Assay  of  Commeroial  Bllver  (Plate,  Bullion,  Coin,  eto.). 
Gay  Iiussac'a  Method  modified  by  3.  G.  Mulder. 

For  more  than  thirty  years  Gay  Luasac's  method  of  estimating 
silver  in  its  alloys  has  been  practised  intai:t,  at  all  the  European  mints, 
under  the  name  of  the  "  humid  method,"  in  place  of  the  old  system 
of  cupellation.  During  tliat  time  it  has  been  regarded  as  one  of  the 
most  exact  methods  of  quantitative  analysis.  The  researchee  of 
Mulder,  however,  into  the  innermost  details  of  the  process  have 
shown  that  it  is  capable  of  even  greater  accuracy  than  has  hitherto 
been  gained  by  it. 

The  principle  of  the  process  is  the  same  as  dtiscribed  in  §  41, 
depending  on  the  affinity  which  chlorine  has  for  silver  in  preference 
to  all  other  substances,  and  resulting  in  the  formation  of  silver 
chloride,  a  compound  insoluble  in  dilute  acids,  and  which  readily 
separates  itself  from  the  liquid  in  which  it  is  suspende<l. 

The  plan  originally  devised  by  the  illustrious  inventor  of  the 
process  for  assaying  silver,  and  which  is  still  followed,  is  to  consider 
the  weight  of  alloy  taken  for  examination  to  consist  of  1000  parts, 
and  the  question  is  to  find  how  many  of  these  parte  are  pure  silver.  This 
empirical  system  was  arranged  for  the  convenience  of  commerce,  and 
being  now  thoroughly  established,  it  is  the  best  plan  of  procedure. 
If,  therefore,  a  standard  solution  of  salt  be  made  of  such  strength 
that  100  c.c.  wiU  exactly  precipitate  1  gm.  of  silver,  it  is  manifest 
that  each  y'^  c.c.  will  precipitate  1  m.gm.  or  yi^^ts  P^^^  °^  ^''^  gram 
taken ;  and  consequently  in  the  analysis  of  1  gm.  of  any  alloy 
containing  silver,  the  number  of  ^^  c.c.  required  to  precipitate  all  the 
silver  out  of  it  would  be  the  number  of  thousandths  of  pure  silver 
contained  in  the  specimen. 

In  practice,  however,  it  would  not  do  to  follow  this  plan  precisely, 
inasmuch  as  neither  the  measurement  of  the  standard  solution  nor 
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the  ending  of  the  process  would  be  gained  in  the  most  exact  manner; 
consequently,  a  decimal  solution  of  salt,  one-tenth  the  strength  of  the 
standard  solution,  is  prepared,  so  that  1000  c.c.  viU  exactly  precipitate 
1  gm,  of  silver,  and,  therefore,  I  c.c.  1  m.gm. 

The  silver  alloy  to  be  examined  (the  composition  of  which  must  be 
approximately  known)  is  weighed  so  that  about  1  gm.  of  pure  silver 
is  present :  it  is  then  dissolved  in  pure  nitric  acid  by  the  aid  of 
a  gentle  heat,  and  100  c.c.  of  standard  solution  of  salt  added  from 
a  pipette  in  order  to  precipitate  exactly  1  gm.  of  silver;  the  bottle 
containing  the  mixture  is  then  well  shaken  until  the  silver  chloride 
has  curdled,  leaving  the  liquid  clear. 

The  qwestion  is  now  ;  Which  is  in  excess,  salt  or  silver  t  A  drop  of 
decimal  salt  solution  is  added,  and  if  a  precipitate  be  produced  1  cc  is 
delivered  in,  and  after  clearing,  another,  and  so  on  as  long  as 
a  precipitate  is  produced.  If  on  the  other  hand  the  one  drop  of  salt 
produced  no  precipitate,  showing  that  the  pure  silver  present  was  less 
than  1  gm.,  a  decimal  solution  of  silver  is  used,  prepared  by  dissolving 
1  gm.  pure  silver  in  pure  nitric  acid  and  diluting  to  1  liter.  This 
solution  is  added  after  the  same  manner  as  the  salt  solution  just 
ilescribed,  until  no  further  precipitate  occurs ;  in  either  case  the 
quantity  of  decimal  solution  used  is  noted,  Eind  the  results  calculated 
in  thousandths  for  1  gm.  of  the  alloy. 

The  process  thuB  shortly  described  is  that  originally  devised  by 
(ray  Lussac,  and  it  was  taken  for  granted  that  when  equivalent 
chemical  proportions  of  silver  and  sodium  chloride  were  brought  thus 
in  contact,  that  every  trace  of  the  metal  was  precipitated  ^m  the 
solution,  leaving  sodium  nitrate  and  free  nitric  acid  only  in  solution. 
The  researches  of  Mulder,  however,  go  to  prove  that  tliis  is  not 
strictly  the  case,  but  that  when  the  most  exact  chemical  proportions 
of  silver  and  salt  are  made  to  react  on  each  other,  and  the  chloride 
has  subsided,  a  few  drops  more  of  either  salt  or  silver  solution  will 
produce  a  further  precipitate,  indicating  the  presence  of  both  silver 
nitrate  and  sodium  chloride  in  a  state  of  equilibrium,  which  is  upset 
on  the  addition  of  either  salt  or  silver.  Mulder  decides,  and  no 
doubt  rightly,  that  this  peculiarity  is  owing  to  the  presence  of  sodium 
nitrate,  and  varies  somewhat  with  the  temperature  and  state  of 
dilution  of  the  liquid. 

It  therefore  follows  that  when  a  silver  sohition  is  carefully 
precipitated,  first  by  concentrated  and  then  by  dilute  salt  solution, 
until  no  further  precijiitate  appears,  the  clear  liquid  will  at  this  point 
give  a  precipitate  with  dilute  silver  solution ;  and  if  it  be  added  till 
no  further  cloudiness  is  produced,  it  will  again  be  precipitable  by 
dilute  salt  solution. 

Example:  Suppose  Ihal  in  a  ^ven  silver  analysis  the  decimal  salt  solution 
lias  been  added  90  long  as  a  precipitate  is  produced,  snd  that  1  c.c.  (=20  drops  of 
Uulder's  dropping  apparstus)  of  decimal  silver  is  in  turn  required  to 
precipitate  the  appireut  exceFn,  it  would  be  found  that  when  this  had  been  done, 
1  c.c.  more  of  rait  eolution  would  be  wanted  to  reach  the  point  at  which  no 
further  cloiidineFs  is  produced  by  it,  and  so  the  chaugee  might  be  rung  time  after 
time;  if ,  however,  instead  of  the  last  1  c.c.  (=20  drops)  of  salt,  half  the  quantity 
be  added,  that  is  to  ray  10  drops  (  —  1  c.c),  Mulder's  Bo-called  neutral  point » 
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reaobed ;  namely,  that  in  vhicb.  i(  the  liquid  be  divided  in  half,  both  salt  and 
silver  will  produce  the  eame  amount  of  precipitate.  At  this  stag«  the  eolntioD 
ooDtuDB  silver  ohloride  dissolved  in  sodium  nitrate,  and  the  addition  of  either 
salt  or  silver  expels  it  from  solution. 

A  silver  analysis  may  therefore  be  concluded  in  three  ways — 

(1)  By  adding  decimal  salt  solution  until  it  just  ceases  to  produce 
a  cloudiness. 

(2)  By  adding  a  slight  excess  of  salt,  and  tlien  decimal  silver  till 
no  more  precipitate  occurs. 

(3)  By  finding  the  neutrel  point. 

According  to  Mulder  the  latter  is  the  only  correct  method,  and 
preserves  its  accuracy  at  all  temperatures  up  to  56°  C.  ( =  133°  Fahr.), 
while  the  difference  between  1  and  3  amounts  to  J  a  m.gm.,  and  that 
between  1  and  2  to  1  m.gm.  on  1  gm,  of  silver  at  16°C.  (=  60°  Fahr.), 
and  is  seriously  increased  by  variation  of  temperature. 

It  will  readily  be  seen  that  much  more  trouble  and  care  is  required 
by  Mulder's  method  than  by  that  of  Gay  Lussac,  but  as  a  com- 
pensation, much  greater  accuracy  is  obtained. 

On  the  whole  it  appears  to  me  preferable  to  we^h  the  alloy  so 
that  slightly  more  than  I  gm.  of  silver  is  present,  and  to  choose  the 
ending  No.  1,  adding  drop  hy  drop  the  decimal  salt  solution  until  just 
a  trace  of  the  precipitate  is  seen,  and  which,  after  some  practice,  is 
known  hy  the  opembtr  to  be  linal.  It  will  be  found  that  the  quantity 
of  salt  solution  used  will  slightly  exceed  that  required  by  chemic^ 
computation;  say  lOO"!  c.c.  are  found  equal  to  1  gm.  of  silver,  the 
operator  has  only  to  calculate  that  quantity  of  the  salt  solution  in 
question  for  every  1  gm.  of  silver  he  assays  in  the  form  of  alloy,  and 
the  error  produced  by  the  solubility  of  silver  chloride  in  sodium 
nitrat«  is  removed. 

If  the  decimal  solution  has  been  cautiously  added,  and  the 
temperature  not  higher  than  17°  C.  {62°  Fahr.),  this  method  of 
conclusion  ia  as  reliable  as  No.  3,  and  free  from  the  possible  errors 
of  experiment;  for  it  requires  a  great  expenditure  of  time  and 
patience  to  reverse  an  assay  two  or  three  times,  each  time  cautiously 
adding  the  solutions  drop  by  drop,  then  shaliing  and  waiting  for 
the  liquid  to  clear,  besides  the  risk  of  discoloiuing  the  silver  chloride, 
which  would  at  once  vitiate  the  results. 

The  decimal  silver  solution,  according  to  this  arrangement,  would 
seldom  be  required ;  if  the  salt  has  been  incautiously  added,  or  the 
quantity  of  alloy  too  little  to  contain  1  gm.  pure  silver,  then  it  ia 
best  to  add  once  for  all  2,  3,  or  5  c.c,  according  to  cireumstances, 
and  finish  with  decimal  salt  as  No.  1,  deducting  the  silver  added. 

The  Standard  Solutions  and  Apparatus. 

(a)  Standard  Salt  Solution.— Pure  sodium  chloride  ia  prepared  by 
treating  a  concentrated  solution  of  the  whitest  table-salt  Bret  with  a  soLutJon  of 
caustic-baryta  to  remove  nilphuric  acid  and  magnenA,  then  with  a  slight  eicen 
of  sodium  carbonate  to  remove  baryta  and  lime,  warming  and  allowing  tbe 
precipitates  to  subside,  then  evaporating  to  a  small  bulk  that  cntitals  may  form ; 
tfaeae  are  separated  by  a  fitter,  and  slightly  washed  with  cold  dL'tilled  water, 
dried,   removed  from  the  filter,  and  heat«d  to   dull  redness,  and  when  cold 
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ptwerred  in  a  weU-olosed  bottle  for  um.  Tbe  motber-liquor  is  thrown  aw^y,  or 
UMd  for  otlier  purposee.  Of  the  nit  so  prepared,  or  of  chemicollj  pure  rock-salt 
(SteinaUi,  a  BUbataaoe  to  be  obtained  freely  in  Germany) .  6-411t  gm,  are  to  be 
weighed  and  dissotved  in  1  liter  of  distilled  water  at  16°  C.  100  o.c.  of  tbia 
wlution  will  precipitate  exactly  1  gm.  of  silver.  It  in  preserved  Id  ■  well- 
rtoppered  bottle,  aiiil  shaken  before  use. 

(A)  Decimal  Salt  Solutioa.— lOO  o.c.  of  the  above  solution  are  diluted 
to  eiaotly  1  liter  with  distilled  water  at  16°  C.  1  c.o.  will  precipitate  O'OOl  gm. 
of  silver. 


_._,.„,.._ ,        .      .ntainediuthe 

'zinc  from  the  Bilver.  The  chloride  is  placed  at  the  bottom  of  a  porcelain  dish, 
covered  with  dilute  sulphuric  acid,  and  the  zinc  Uid  in  the  middle ;  the  silver 
wire  is  bent  over  no  ■»  to  be  immersed  in  Ihe  chloride.  Ah  soon  »e  the  acid 
begins  to  act  upon  the  zinc  tlie  reduction  commences  in  the  chloride,  and  k'vwb 
gnuluAllr  all  over  the  mam ;  the  resulting  finely-divided  silver  is  well-washed, 
irst  with  dilute  »eid,  then  with  hot  water,  till  all  acid  and  aolubls  line  are 
removed. 

The  moist  metat  is  then  mixed  with  a  little  sodium  carbonate,  saltpetre,  and 
borai,  say  about  an  eighth  part  of  each,  dried  iierTectly,  then  melted.  Mulder 
recommends  that  the  melting  nhould  be  done  in  a  porcelain  crucible  immersed 
ill  sand  contained  in  a  common  earthen  crucible ;  borai  is  sprinkled  over  the 
mrface  of  the  sand  so  that  it  may  be  somewhat  vitrified,  that  in  pouring  out  the 
silver  when  melli^d  no  particles  of  dirt  or  sand  ma}'  fall  into  it.  If  the  quantity 
of  metal  be  small  it  may  be  melted  in  a  porcelain  crucible  over  a  gas  blowpipe. 

The  molten  metal  obtained  in  either  case  can  be  ponred  into  cold  water  and  so 
granulated,  or  upon  a  «lab  of  pipe-clay,  into  which  a  glass  plate  has  been  preesed 
when  soft  m>  as  lu  form  a  shallow  mould.  The  metal  is  then  washed  well  with 
boiling  water  1o  remove  accidental  surface  impurities,  and  rolled  into  thin  strips 
by  a  goldsmith's  mill,  in  order  that  it  may  be  readily  cut  for  weighing.  The 
granulated  metal  i».  of  course,  ready  for  use  at  once  without  any  rolling. 

1  gm.  of  this  silver  »  dissolved  in  pure  dilute  nitrio  acid,  and  diluted  to 
1  liter;  each  cc.  contains  0001  gm.  of  silver.     It  should  be  kept  from  the  li)j-ht. 

(4)  Dropping  Apparatus  for  Concluding;  the  Asaay.— 
Hulder  constructs  a  special  affair  for  this  purpose  consisting  of  a  pear-shaped 
vessel  fixed  in  a  stand,  with  special  arrangements  for  preventing  any  continued 
flow  of  liquid.  The  delivery  tube  has  an  opening  of  such  size  that  20  drops 
measure  exactly  1  cc.  The  vessel  it^lf  is  not  graduated.  As  this  arrangement 
is  of  more  service  to  assay  than  to  general  laboratories,  it  need  not  be  further 
described  here.  A  small  burette  divided  in  ,V  cc.  with  a  convenient  dropping 
tube,  will  answer  every  purpose,  and  possesses  the  further  advantage  o(  recording 
the  actual  volume  of  fiuid  delivered. 

The  100  cc.  pipette,  for  delivering  the  concentrated  salt  solution,  must  be 
accurately  graduated,  and  should  deliver  exactly  100  gm.  of  distilled  water  at 

irc. 

The  teat  bottles,  holding  about  200  cc,  should  have  their  stoppers  well  ground 
and  brought  to  a  point,  and  should  be  fitted  into  japanned  tin  tubas  reaching  as 
high  as  the  neck,  no  ai  to  preserve  the  precijiitated  chloride  from  the  action  of 
light,  and,  when  sliaketi,  a  piece  of  black  cloth  should  be  covered  over  the 
stopper, 

(«)  Titration  of  the  Standard  Salt  Solution.— From  what  has 
been  said  previously  as  to  the  principle  of  this  method,  it  will  be  seen  that  it  is 
not  possible  to  rely  absolutely  upon  a  stnndird  solution  of  salt  containing 
6*4145  gm,  per  liter,  although  this  is  chemicall}'  correct  in  ita  strengUi.  The 
real  working  power  must  be  found  by  experiment.  Prom  1-002  to  1-004  gm.  of 
absolutely  pure  silver  is  weighed  on  Ihe  as,«ay  balance,  put  into  a  test  bottle  with 
about  5  cc  of  pure  nitric  acid  of  about  l"2  s)i.  gr.,  and  gently  heat«d  in  the 
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mter  or  Band  bath  till  it  w  all  di«soWed,      The  nitroiu  vnpours  aje  then  blown 
from  the  bottle,  and  it  is  set  aside  to  oool  down  to  about  16°  C.  or  60°  Fshr. 

The  100-cc.  pipette,  which  shottld  be  securely  fixed  in  a  support,  is  then 
carefully  filled  wiUi  the  sail  solution,  and  delivered  into  the  test  bottle  contaiaed 
in  its  case,  the  moUtened  stopper  inserted,  covered  over  with  the  black  velvet  or 
oloth,  and  shaken  oontiDuousI;  till  the  chloride  has  clotted,  and  the  liquid 
becomes  diem;  the  stopper  is  (hen  slightlj  lifted,  and  its  point  touched  atfainit 
the  neck  of  the  bottle  to  remove  excess  of  liquid,  again  inserted,  and  any 
particles  of  chloride  washed  down  from  (he  lop  of  the  bottle  by  <srefully  shaking 
the  clear  liquid  over  them.  The  bottle  is  then  brought  under  the  decimal  salt 
burette,  and  )  c.c.  added,  the  mixture  shaken,  cleared,  another  i  c.c.  put  in  and 
the  bottle  lifted  partly  out  of  its  case  to  see  if  the  precipitate  is  considerable  ; 
laatij'.  2  or  3  drops  only  of  the  solution  are  added  at  a  lime  until  no  further 
opacity  is  produced  by  tbe  final  drop.  Suppose,  for  instance,  that  in  titrating  the 
salt  solution  it  is  found  that  1*003  gm.  of  silver  require  lOO  c.c.  concentrated, 
and  4  c.c.  decimal  solution,  altogether  equal  to  1004  c.c.  concentrated,  then — 

1-003  silver  :   1004  salt  :   ;  rOOO  :  x.  i^lOO-OggO. 
The  result  is  vithin  m-J-ini  of  1001.  which  is  near  enough  for  the  purpose,  and 
may  be  more  conveniently  used.     The  operator  therefore  knows  that  100"!  o.c.  of 
(he  concentrated  sail  solution  at  Iff'  C.  will  exactly  precipitate  1  gm.  silver,  and 
calculates  accordingly  in  his  examination  of  alloy's. 

In  the  assay  of  coin  and  plate  of  the  English  standard,  namely,  ll'l  silver  and 
0-9  copper,  the  weight  corresponding  to  1  gm.  of  silver  is  1*081  gm.,  therefore  in 
examining  this  alloy  I'OSfi  gm.  may  be  weighed. 

When  the  quantity  of  silver  is  not  approximately  known,  a  preliminary 
analysis  is  necessary,  which  ij"  best  made  by  dissolving  t  or  1  gm,  of  the  alloy  in 
nitric  acid,  and  precipitating  very  carefully  with  the  concentrated  salt  solution 
from  a  iV  c.c.  burette.  Suppose  that  in  this  manner  1  gm,  of  alloy  required 
46  c.c.  sail  solution, 

1001  salt  :  l-OOOsilver  ■-  :  45  :  x.  x-0-4496. 
Again  0*4495  :  1  :  :  1*003  :  3-  =  2*231. 

2'231  gm.  of  this  particular  alloy  are  therefore  taken  for  the  assay. 

Where  alloys  of  silver  contain  sulphur  or  gold,  with  smalt  quantities  of  tin, 
lead,  or  antimony,  they  are  first  treated  with  a  small  quantity  of  nitric  acid  so 
long  as  red  vapours  are  disengaged,  then  boiled  with  concentrated  sulphuric  acid 
till  the  gold  has  become  compact,  set  aude  to  cool,  diluted  with  water,  and 
titrated  as  above. 

Assaying  on  the  Orain  System. 

It  will  be  readily  seen  fliat  the  process  just  described  may  quite  as 
conveniently  be  arranged  on  the  grain  system  by  substituting  10 
grains  of  silver  aa  the  unit  in  place  of  the  gram ;  each  decern  of 
concenttated  salt  solution  would  then  be  equal  to  y'j  of  a  grain  of 
silver,  and  each  decern  of  decimal  solution  to  -j-^  of  a  grain. 

6.    Titration  of  the  Silver  Solutions  used  in  Photography. 

Tlie  silver  bath  solutions  for  sensitizing  collodion  and  paper 
frequently  require  examination,  as  their  strength  is  constantly 
lessening.  To  save  calculation,  it  is  better  to  use  an  erapirital 
solution  of  salt  than  the  systematic  one  described  above. 

This  is  best  prepared  by  dis.'^olving  43  grnins  of  pure  so<Uum 
chloride  in  10,000  grains  of  distilled  water.  Each  decern  (  -  10  grn.) 
of  this  solution  will  precipitate  0*125  gm.  (i.e.,  }  gm.)  of  pure  silver 
nitrate ;  therefore  if  one  fluid  drachm  of  any  silver  solution  be  taken 
for  examination,  the  number  of  decerns  of  salt  solution  required  to 
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EX4UFLB :  One  fluid  dmcbm  of  an  old  iiiti>t«  bath  vtm  carefullj  measured 
into  a  stoppered  bottle,  10  or  15  drops  of  pure  nitric  «cid  and  a  little  distilled 
water  added  ;  the  salt  solution  was  then  cautiously  added,  shaking  well  after  each 
addition  until  no  furtlier  precipitate  was  produced.  The  quantity  required  was 
26'6  dm^26^  grains  of  silver  nitrate  in  each  ounce  ot  solution, 

CryntalB  of  silver  nitrate  may  also  be  examined  in  the  same  way,  by  dissolving 
say  SO  or  40  gm.  iu  an  ounce  of  water,  taking  one  dnchm  of  the  fluid  and 
titrating  as  above. 

In  consequence  of  the  rapidity  and  accuracy  with  which  silver  niay  be 
determined  when  potassium  ohromate  is  used  as  indicator,  some  may  prefer 
to  use  that  method.  It  in  then  necewary  to  have  a  standard  solution  of  silver, 
of  the  same  chemical  power  as  the  salt  solutions  this  is  made  by  dissolving 
1S6  grains  of  pure  and  dry  neutral  silver  nitrat«  in  1000  dm.  of  distilled 
water ;  both  aplutionn  will  then  be  equal,  volume  for  volume. 

Suppose,  therefore,  it  is  necessary  to  eiamiue  a  silver  solution  used  for 
sensitizing'  paper.  One  drachm  is  measured,  and  if  any  free  acid  be  present, 
cautiously  neutraliied  with  a  weak  solution  of  sodium  carbonate ;  100  dm,  of  i»lt 
solution  are  then  added  with  a  pipette.  If  the  solution  in  under  100  gm.  to  the 
ounce,  the  quantity  will  be  sufficient.  3  or  1  drops  of  chromate  solution  are 
then  added,  and  the  silver  solution  delivered  from  the  burette  until  the  red 
colour  of  silver  chromate  is  just  visible,  If  £55  dm.  have  been  required,  that 
number  is  deducted  from  the  lOO  dm.  of  salt  solution,  which  leaves  T4'6  dm,,  or 
741  grains  to  the  ounce. 

This  method  is  much  more  likely  Co  give  exact  results  in  the  hands  of 
persons  hot  expert  in  acialysis  than  the  ordinary  plan  by  precipitetion,  inas- 
much as,  with  collodion  baths,  containing  a*  they  always  ao  silver  iodide,  it 
is  almost  impossible  to  get  the  supernatant  liquid  clear  enough  to  distinguish 
the  exact  end  of  the  analysis. 

snaAB. 

§  75,  Sugars  belong  to  the  large  class  of  organic  bodies  known  aa 
"carbo-hydrates,"  of  which  there  are  three  main  classes,  viz.  : — 

(1)  The  Glucoses,  CgH,jOg,  the  principal  members  of  which  are — ■ 
glucose,  dextrose,  or  grape  sugar,  occurring  in  the  urine  in  Diabdee 
mdlUus,  and  with  levulose  in  most  sweet  fruits  and  in  honey ;  levtJose 
or  fruit  sugar ;  galactose. 

(2)  The  Di-saccharides,  CjjH^jO,,,  the  chief  members  of  which 
are — cane  sugar  or  sucrose,  occurring  in  the  juice  of  the  sugar  cane, 
beet  root,  and  maple ;  milk  sugar  or  lactose,  occurring  in  the  milk  of 
mammals  an<l  in  various  pathological  secretions  ;  malt  sugar  or 
maltose,  formed  by  the  action  of  malt  diastase  upon  starch. 

(3)  The  Poly-sacchandes,  or  starches  and  gums  (CjHiuOj)?!,  of 
which  the  most  important  members  are  starch,  glycogen  (found  in  the 
liver),  dextrine,  and  cellulose  or  wood-fibre. 

The  di-  and  poly -saccharides  are  "  inverted  "  or  "  hydrolyzed  "  by 
being  boiled  with  dilute  acids,  or  by  the  action  of  unorganised 
fennents  like  diastase  and  pepsin,  and  those  contained  in  yeast  and 
saliva ;  i.e.,  they  become  converted  into  glucoses.  Cane  sugar  on 
inversion  yields  equal  parts  of  dextrose  and  levulose  (invert  sugar), 
milksugar  yields  dextrose  and  galactose,  maltose  yields  dextrose;  starch, 
glycogen,  dextrose,  and  cellulose  all  yield  dextrose  as  the  final  protluct. 

The  methods  in  general  use  for  the  quantitative  estimation  of  the 
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various  kinds  of  sugar  are — the  fermentation  metliod,  estimating 
the  final  density  of  the  saccharine  solution,  and  the  amount  of  COg 
evolved;  the  optical  method,  by  the  polarimeter ;  gravimctrically,  by 
the  reduction  of  an  alkaline  copper  solution;  volu metrically,  by 
reduction  of  copper  or  mercury  solutions. 

All  the  glucoses  reduce  the  alkaline  copper  solution,  known  as 
Fehling's,  more  or  less  readily;  maltose  and  lactose  reduce  it  in 
a  less  degree ;  starch,  cane  sugar,  dextrine,  and  cellulose  not  at  all. 
Other  substances  besides  sugars  reduce  Fehling's  solution,  e.g., 
chloroform,  salicylic  and  uric  acids,  creatinine  and  phenylhydrazine. 

The  vohimetric  method  of  estimating  glucose  by  Fehling's  copper 
solution  has  for  a  long  time  been  thought  open  to  question  on  the 
score  of  accuracy,  and  the  extensive  and  elaborate  experiments  of 
Soxhiet  have  clearly  shown,  that  only  under  identical  conditions 
of  dilution,  etc.,  can  concordant  results  be  obtained.  The  high 
official  position  of  this  chemist,  together  with  the  evident  care 
shown  in  his  methods,  leave  no  doubt  as  to  the  general  accuracy  of  his 
conclusions.  His  rather  sweeping  statement,  however,  that  the 
accurate  gravimetric  estimation  of  glucose  by  Fehling's  solution  ia 
impossible  is  strongly  controverted  by  Brown  and  Heron,  whose  large 
experience  leads  them  to  a  different  conclusion.  It  is  probable, 
however,  that  both  authorities  are  right  from  their  own  points  of 
view,  and  that  Brown  and  Heron  do  obtain  concordant  results 
when  working  in  precisely  the  same  way;  whereas  Soxhiet  is 
equally  correct  in  stating  tliat  the  gravimetric  estimation,  as  usually 
performed  under  varying  conditions,  is  open  to  serious  errors. 

Kjeldahl  maintains  that  Fehling's  solution,  however  pure  its 
constituents,  always  undergoes  a  slight  reduction  on  prolonged  heating, 
especially  in  strong  solution,  and  he  hxes  the  limit  of  time  for  which 
the  hquid  should  be  exposed  to  the  temperature  of  boiling  water  at 
twenty  minutesi 

The  Solutioii  of  Sugar.^For  all  the  processes  of  titration  this 
must  be  so  diluted  as  to  contain  ^  or  at  most  1  per  cent,  of  sugar ; 
if  on  trial  it  is  found  to  be  stronger  than  this,  it  must  be  further 
diluted  with  a  measured  quantity  of  distilled  water. 

If  the  sugar  solution  to  be  examined  ia  of  dark  colour,  or  likely 
to  contain  extractive  matters  which  might  interfere  with  the  distinct 
ending  of  the  reaction,  it  ia  advisable  to  heat  a  measured  quantity 
to  boiling,  and  add  a  few  drops  of  milk  of  lime,  allow  the  precipitate 
to  settle,  then  filter  through  purified  animal  charcoal,  and  dilute  with 
the  washings  to  a  definite  volume.  In  some  instances  cream  of 
alumina  or  basic  lead  acetate  may  be  used  to  clarify  highly  coloured 
or  impure  solution,  but  no  lead  must  be  left  in  the  solution.* 

*  AlthoD^h  trmoea  of  Iflftd  >ra  of  no  groat  conMcnunoe  when  elarifylne  ■nguv  for  tha 
IioluJ*aope,  It  ii  at  great  importuice  to  lemoTe  all  lead  in  tlie  Tolnmetiic  meUiod.  Ia 
order  ia  do  thli  It  Is  beet  to  tnot  a  nuHnied  qnuitttf  at  the  enmr  Hlntdon  whlab  hoe 
been  clarified  br  lead  with  a  atrons  oolntlon  at  nlphannu  add  nntu  no  farther  prwdplbtte 
ooonn,  then  odd  a  tew  drops  of  Unmiaa  hjdmte  mnendad  in  water,  dilate  to  a  definite 
Tolnnu  and  Biter.  In  man;  caaea  eoncentcated  aolnBon  of  aodlam  carbonate  wiU  BiiDoe 
to  remoTe  oil  lead.  These  methods  of  olulflcatiDD  ore  bighl;  DeoaHirr  In  the  cooe  oT 
•tbrnoiDons  or  gelatirioua  llaulds,  as  otberwlae  the  copper  onde  will  not  settle  reodilr,  end 
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From  thick  mucilaginous  liquids,  or  those  which  contain  s  large 
proportion  of  albuminous  or  exttactive  matters,  the  sugar  is  b^ 
extracted  by  (Iraham'e  dialyser. 

The  Fehling  method  may  be  applied  directly  to  fresh  diabetic 
urine  (see  Analyais  of  Urine),  as  also  to  brewer's  wort  or  distiller's 
ma-ih.  Dextrine  does  not  interfere,  unless  the  boihng  of  the  liquid 
tmder  titration  is  long  continued. 

1,    IiLTeTsion  of  Tarious  Bugars  into  Oluoose. 

Ordinary  cane  sugar  is  best  inverted  by  heating  to  about  70°  C. 
a  dilute  solution  (in  no  case  should  the  concentration  exceed  25  per 
cent.)  of  the  sugar  with  10  per  cent,  of  fuming  hydrochloric  acid  for 
15  minutes.  l>ilut«  sulphuric  acid  is  preferred  by  some  operators. 
If  the  mixture  is  boiled,  the  inversion  occurs  in  from  5  to  10  minutes. 
The  inversion  of  milk  sugar  takes  longer  time  than  cane  sugar. 

Maltose  or  malt  sugar  takes  a  much  longer  tinio  than  milk  sugar, 
but  may  be  done  by  the  addition  of  3  c.c.  of  concentrated  sulphuric 
acid  to  100  c.c.  of  wort,  and  heating  for  3  hours  in  a  boiling  water 
bath ;  if  dextrine  is  present,  it  is  also  inverted  at  the  same  time. 

The  inversion  of  the  slowly  changing  sugars  may  be  hastened 
considerably  by  heating  at  increased  atmospheric  pressure,  although 
some  authorities  condemn  the  proce.ss.  O'Sullivan,  however,  states 
that  a  good  result  with  maltose  or  dextrine  is  obtained  by  heating 
30  gm.  of  the  substance  in  100  c.c.  of  water  containing  1  c.c.  of 
HjSU,  for  20  minutes,  at  a  pressure  of  one  additional  atmosphere 
(Allen's  Organic  Analym  i.  217). 

Allen  also  gives  a  handy  means  of  carrying  out  this  method,  which 
consists  in  using  a  soda  water  bottle  with  rubber  stopper  through  which 
passes  a  long  glass  tube  bent  at  right-angles,  and  immersed  to  a  depth 
of  30  inches  in  mercury  contained  in  a  vertical  tube  of  glass  or  metal. 
Tlie  rubber  stopper  must  be  secured  by  wire,  and  the  bottle  heated  to 
baiting  in  a  saturated  solution  of  sodium  nitrate,  which  gives  a 
temiierature  corresponding  to  an  extra  atmosphere.  Of  course  in  all 
cases  where  acid  has  been  used  for  the  inversion  of  sugar,  it  must  be 
neutralized  before  the  cop|ier  titration  takes  place ;  this  may  be  done 
either  with  sodium  or  potassium  hydrates  or  carbonates,  or  calcium 
carbonate  may  he  used. 

Starch  from  various  sources  may  be  inverted  in  the  same  way  as  the 
sizars,  but  it  needs  a  prolonged  heating  with  acid.  For  approximate 
purpose  1  gm.  of  starch  should  he  mixed  to  a  smooth  cream  with 
about  30  c.c.  of  cold  water,  then  1  c.c.  of  strong  hydrochloric  acid 
added,  and  the  luixture  kept  at  a  boiling  temperature  in  an  obliquely 
fixed  flask  for  8  or  10  hours,  replacing  the  evaporated  wat«r  from  time 
to  time  to  avoid  cliarring  the  sugar,  and  testing  with  iodine  to  ascertain 
when  the  inversion  is  complete.     The  proihict  is  glucose. 

For  the  estimation  of  tlie  starch  itself  a  number  of  processes  were 
tried  by  Ost  (Chem.  Zett.  1895,  xix.  1501),  the  one  which  was  found 
to  answer  best  being  tliat  of  Sacbsse  {Ckem.  CentraM.  viii.  732), 
slightly  modified.     In  this  modification  3  gm.  of  the  starch  are  heated 
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with  200  C.C.  of  water  and  20  c.c.  of  hydrochloric  acid,  epecific  gravity 
1  -1 25  {  =  5'600  gm.  of  HCl),  for  two  to  three  hours  in  a  hoiling  water 
bath,  using  the  factor  0-925  to  calciiJate  the  glucose  found  in  the 
starch.  Longer  heating  gives  results  too  low,  and  two  houis  on  the 
water  bath  are  not  sufficient.  Slightly  higher  yields  of  glucose  (89-8 
instead  of  89'5  per  cent.)  can  be  obtained  by  heating  for  a  much  longer 
period  with  less  starch  and  acid,  hut  there  is  no  advantage  to  be  gained 
by  the  alteration.  Oxalic  acid  givea  no  better  results.  Dextrine  may 
be  determined  in  the  some  manner ;  also  maltose,  if  1  gm.  of  the  latter 
be  heated  for  five  hours  with  100  c.c.  of  1  to  2  per  cent,  hydrochloric 
acid  as  before. 

100  parts  of  grape  sugar,  fonnd  by  Tehling's  process,  represent  90 
parts  of  starch  or  dextrine.  When  dextrine  is  present  with  grape 
sugar,  care  must  be  taken  not  to  boil  the  mixture  too  long  with  the 
alkaline  copper  solution,  as  it  has  been  found  that  a  smaU  portion  of 
the  copper  is  precipitated  by  the  dextrine  (Bum  pf  and  Heintzerling, 
Z.  a.  C.  ix.  358). 

An  inversion  of  starch  may  be  produced  more  rapidly,  and  at  lower 
temperature,  by  using  some  form  of  diastase  in  place  of  acid.  An 
infusion  of  malt  is  best  suited  to  the  puri>o8e,  but  the  temperature 
must  not  exceed  71°  C.  (160°  Fahr,).  The  digestion  may  vary  from 
fifteen  minutes  to  as  many  hours.  The  presence  of  unchanged  starch 
may  l>e  found  by  occasionally  testing  with  iwline.  If  the  digestion  is 
carried  beyond  half  an  hour,  a  like  quantity  of  the  same  malt  solution 
must  )>e  digested  alone,  at  the  same  temperature,  and  for  the  same 
time,  then  titmted  for  its  amount  of  sugar,  which  is  deducted  from  the 
total  quantity  found  in  the  mixture.  O'Sullivan  {J.  C.  S.  1872, 
579)  lias,  however,  clearly  shown  that  the  effect  of  the  so-called 
diastase  is  to  produce  maltose,  which  has  only  the  power  of  reducing 
the  copper  solution  to  the  extent  of  about  three-fifths  that  of  dextrose 
or  true  grape  sugar,  the  rest  being  probably  various  grades  of  dextrine. 
Brown  and  Heron'sexperimentsclearly  demonstrate  that  no  dextrose 
is  produced  from  starch  by  even  prolonged  treatment  with  malt 
extract ;  the  only  product  is  maltose.  Sulphuric  or  other  similar  acids 
cause  complete  inversion. 

For  the  exact  estimation  of  starch  in  grain  of  various  kinds 
O'Sullivan  gives  very  elaborate  directions,  involving  the  treatment 
of  the  substance  with  alcohol  and  ether,  to  remove  fatty  and  other 
constituents  previous  to  digestion  with  diastase.  The  same  authority 
also  gives  special  directions  for  the  preparation  of  the  propef  kind  of 
diastase,  all  of  which  may  be  found  in  J.  C.  S  xlv.  1. 

For  a  rapid  determination  of  starch  in  barley  or  malt  a  new  method 
has  been  described  by  H.  T.  Brown  and  J.  H.  Millar  (Tmiw.  of  (h* 
Ovinnets  Reeearch  Lab.  1903,  1,  79). 

2.    Estimation  of  Olucose  by  Fehling's  Solution. 

Preparation  of  the  Standard  Solutions.— Fehling's  standaid 

copper  solution. — Crystals  of  pure  cupric  sulphate  are  powdered  and 
pressed  between  unsized  paper  to  remove  adhering  moisture ;  69'28  gm. 
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are  weighed,  diasolved  in  water,  about  1  c.c.  of  pure  sulphuric  acid 
added,  and  the  solution  diluted  to  1  liter. 

Alkaline  tartrate  aolution. — 350  gm.  of  Rochelle  salt  (sodium 
potassium  tartrate)  are  dissolved  in  about  700  c.c.  of  water,  and 
the  solution  filter^,  if  not  already  clear ;  there  is  then  added  to  it 
a  clear  solution  of  100  gm.  of  caustic  soda  (prepared  by  alcohol) 
in  about  200  c.c.  of  water.  The  volume  is  made  up  to  1  liter 
at  60°  C. 

These  solutions  are  prepared  separately,  and  when  mixed  in  exactly 
equal  proportions  form  the  original  Fehiing  solution,  each  c.c.  of 
which  should  contain  0'03464  gm.  of  cupric  sulphate,  and  represents 
O'OOS  gm.  of  pure  anhydrous  grape  sugar,  if  the  conditions  of  titration 
laid  down  below  are  adhered  to.*  The  method  is  based  on  the  fact 
that  although  Fehling's  solution  may  Ije  heated  to  boiling  without 
change,  tlie  introduction  into  it  of  the  smallest  quantity  of  grape 
sugar,  at  a  boiling  temperature,  at  once  produces  a  precipitate  of 
cuprous  oxide,  the  ratio  of  reduction  being  imiform  if  the  conditions 
of  experiment  are  always  the  same. 

Thb  Ttteation  of  Glucobr  with  Fbhlihq's  Solution. — 5  o.o.  each 
of  sbuidard  copper  and  alknline  tartrate  solutiana  are  accurately  measured  into  a 
thin  white  porcelain  basio,  40  c.o.  of  water  added,  and  the  basin  quickly  heated 
to  boiling  on  a  sand-bath  or  by  a  small  flame.  No  reductiou  or  cbaoge  of  oolour 
ebould  occur ;  if  it  do«e,  the  alkaline  tartrate  solution  is  probably  defective  from 
age.  This  may  probably  be  remedied  by  the  addition  of  a  little  fresh  caustic 
^kali  OD  second  trial,  but  it  ia  advisable  to  use  a  new  solution.  The  i  or  1  per 
cent.  BURar  solution  U  then  delivered  in  from  a  burettef  in  smal]  quantities  at  a 
time,  with  subsequent  boiling,  until  the  blue  oolour  of  the  copper  solution  is  juat 
diiwharged,  a  p<iint  which  is  readily  detected  by  inclining  the  basin,  so  that  the 
colour  of  the  clear  supemalant  fluid  may  be  observed  against  the  white  sides  of 
the  basin.     Some  operators  use  a  smalt  thin  boiliog  flask  instead  of  the  basin. 

It  is  almost  impossible  to  hit  the  exact  point  of  reduction  in  the 
first  titration,  but  it  affords  a  very  good  guide  for  a  more  rapid  and 
exact  addition  of  the  sugar  i^olution  in  a  second  trial,  when  the  sugar 
may  be  added  with  more  Imldness,  and  the  time  of  exposure  of  the 
copper  solution  to  the  air  lessened,  which  is  a  matter  of  great 
importance,  since  prolonged  boiling  has  undoubtedly  a  prejudicial 
effect  on  the  accuracy  of  the  process. 

A  new  method  has  been  proposed  for  indicating  when  all  copper 
has  been  precipitated  by  E.  F.  Harrison  {Pharm.  Joum.  1903, 
170),  and  is  very  sensitive.  It  depends  upon  the  action  of  copper 
salts  in  liberating  iodine  from  iodide. 
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le«eeru  the  delicacy  of  the  teet ;  the  solution  should  he  prepared  ss  required,  and 
not  used  aFter  it  hka  heen  made  more  thaa  two  or  three  hour?.  In  use  about  0*6 
or  1  O.C.  of  this  solution  is  taken,  acidified  with  about  five  or  ten  drops  of  acetic 
ftcid,  iu)d  one  drop  or  more  of  the  titration  liquid  added  ;  the  latter  need  not  he 
filtered.  As  long  as  unreduced  nopper  is  present,  a  colour  is  produced,  varyin); 
from  red  to  blue,  and  of  Krealer  or  leas  intensity,  according  "^  the  end-point  is 
far  oS  or  near.     The  productiou  of  no  colour  marks  the  end  of  the  reaction. 

This  indicator  gives  a  readily  observed  colour  with  one  drop  of  a  Bolution  of 
copper  sulphate  of  stren^h  1  in  20.000,  and  by  its  use  titration  of  Fehlinr's 
solution  with  a  suitable  sugar  solution  can  be  made  aa  accurate  as  most  other 
Tolumetrio  opeiatiomi.  After  very  little  practice  one  titntion  is  sufflcient  for 
moderately  acouist«  results,  but  greater  exactness  is  of  course  obtained  by 
repeating,  and  at  onoe  running  in  the  sugar  solution  almost  up  to  the  required 
amount  before  testing. 

When  the  exact  point  of  reduction  is  olitained,  it  U  assumed  that 
the  volume  of  sugar  solution  used  represents  0'05  gm.  of  grape  sugar  ■ 
or  glucose,  for  10  c.c.  Fehling'a  solution  contain  O'll  gm.  cupric 
oxide,  and  5  molecules  CuO  (396)  are  reduced  to  cuprous  oxide  by 
1  molecule  of  glucose  (180),  therefore  396  :  180  =  0-n  ;  0-05,  i.e., 
0-05  gm.  glucose  exactly  reduces  10  c.c.  Fehling'a  solution. 

With  Uiia  assumption,  however,  Soxhlet  does  not  agree,  but 
maintains  from  the  results  of  his  experiments  on  carefully  prepared 
standard  sugars,  that  the  accuracy  of  the  reaction  is  interfered  with  by 
varying  concentration  of  the  solutions,  duration  of  the  experiment 
and  the  cliaracter  of  the  sugar. 

For  example,  he  found  that  the  reducing  power  of  glucose,  invert 
sugar,  and  galactose  was  in  each  case  lowered  by  dilution  of  the 
Fehling'a  solution,  whilst  that  of  maltose  was  raised,  and  that  of 
milk  su^  was  not  affected. 

The  remarks  which  Soxhlet  appends  to  his  experiments  are 
thus  classified : — 

(1)  The  reducing  power  of  inverted  sugar,  tor  alkaline  copper  solution,  is 
importantly  inSuenped  by  the  concentration  of  the  solutions  :  a  smaller  quantity 
of  sugar  being  required  to  decompose  Fehling'a  solution  in  the  undiluted 
Elate  than  when  it  is  diluted  with  1.  2,  3,  or  4  volumea  of  water.  It  is 
immaterial  whether  the  sugar  solution  be  added  to  the  cold  or  boiling  copper 
reagent. 

(a)  If  inverted  sugar  acts  on  a  larger  quantity  of  copper  solution  than  it  is 
just  able  to  reduce,  its  reducing  power  will  be  increased,  the  increment  vaijiug 
according  to  the  amount  of  copper  in  excess  and  the  concentration  of  the  cupric 
liquid ;  in  the  previous  etperimentfl  the  equivalenta  varied  from  1 :  97  to  1 :  12'6, 
these  numbers  being  by  no  means  the  limit  of  possible  variation. 

(3)  In  a  volumetrio  estimation  of  inverted  sugar  by  means  of  Feh ling's 
solution,  the  amount  of  copper  reduced  by  each  suooeasive  addition  of  sugar 
solution  is  a  decreasing  quantity  ;  the  results  obtained  are  therefore  perfectly 
empiricat,  and  are  only  true  of  that  particular  set  of  oanditions. 

(4)  The  stat«ment  that  1  equivalent  of  inverted  sugar  reduces  10  equivalents 
of  cupric  oxide  is  not  true,  the  hypothesis  that  05  gm,  inverted  sugar  redaoes 
100  o.c.  ct  Fehling's  solution  being  shown  to  be  incorrect ;  the  real  amoimt 
under  the  conditions  laid  down  by  Fehling  (1  volume  of  alkaline  copper 
solution,  4  volumes  of  water,  sugar  solution  i-l  per  cent,)  being  97  c.c.  the 
results  obtained  under  this  hypotheiiis  are,  therefore,  3  per  cent,  too  low.  Where, 
however,  the  above  conditions  have  been  fulfllled,  Uie  results,  although  not 
absolutely,  are  relatively  correct ;  not  so,  however,  those  obtained  by  gravimetric 
processes,  since  the  interference  of  concentration  and  excess  has  not  been 
previously  reoognized.  * 
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These  facts,  however,  do  not  vitiate  the  process  as  carried  out 
under  the  well  recognized  conditions  insisted  on  in  the  directions  for 
titration  that  were  given  above.  If  these  are  adhered  to  it  is  found 
the  sugars  have  the  followinf;  reducing  powers — 

10  c.c.  Fehiing  solution  are  completely  reduced  by 
0'05  gm.  glucose,  levuiose,  galactose 
0-0475  gm,  cane  sugar  (after  inversion) 
0'0678  gin.  milk  sugar 
0-0807  gm.  maltose 
0-045  gm.  starch  (after  inversion). 

Lowe,  and  more  recently  Haines,  have  advocated  the  substitution 
of  an  alkaline  solution  of  glycerine  for  the  alkaline  tartrate  in 
Kehling's  solution.  This  solution  is  said  to  keep  indefinitely,  but  it 
is  not  so  dehcate  a  test  as  Fehling's. 

EBtdmation  of   the  Cuprous    Oxide    by  Fermsnganate.— 

lu  cases  wliere  it  is  permissible  to  weigh  the  cuprous  oxide  produced 
in  the  Tehling  method,  R.  M.  Caven  and  A.  Hill  {J.  S.  C.  I.  svi. 
981  and  xvii.  124)  have  devised  a  volumetric  method  by  which  the 
amount  precipitated  can  be  estimated  in  a  shorter  time,  and  with  very 
fiiit  accTiracy, 

The  necessary  standard  solutions  are  potassium  permanganate  about 
"/s  strengtli,  the  exact  oxygen  value  of  which  is  known,  and  an 
oxalic  acid  solution  of  preferably  the  same  strength.  These  must  be 
titrated  together  in  the  same  way  as  in  the  actual  process. 

There  is  alKo  re<]uireil  a  dilute  sulphuric  acid,   1   of  acid. to  3  of 

Method  of  PaocRuraE:  The  cuprousoxide.whetherframKsu^u-estiinatioii 
or  other  Bourcen,  is  best  collected  on  «n  asbcBtoB  filter  connected  with  wafer  pump 
ka  follows  : — Selected  fibrous  asbestos  is  cut  into  pieces  an  eighth  of  an  inch  in 
length,  digested  with  stroug  Fulphuric  acid  to  destroy  organic  matter,  then 
thoroughlj;  w»ahed,  and  mixed  into  a  paste  with  water.  For  the  preparation  ot 
the  filter  it  is  beet  to  uec  h  Hirscli's  porcelain  funnel  with  perforated  filter 
plate ;  pouring  the  asbeftos  crmrn  into  the  funnel,  and  applying  suction  by 
means  of  the  filter  pump  until  a  mat  of  asbentoB.  suilable  to  receive  the 
precipitated  cuprous  oiide,  is  oblained.  After  the  removal  ot  the  beaker  con- 
taininfi  the  precipitated  cuprous  oxide  from  the  water-bath,  the  supernatant 
liquid  in  at  once  decanted  through  lie  filter,  and  the  cuprous  oxide  remaining  in 
the  beaker  is  stirred  up  with  hot  water,  transferred  to  the  filter,  and  washed  until 
free  from  alkali.  The  last  traces  of  cuproue  oxide  need  not  be  removed  from  the 
beaker,  as  these  rain  be  dissolved  later  on  in  a  little  of  the  acidified  permanganate 
mlution.  The  axbestos  containing  the  cuprous  oxide  is  transferred  by  means  of 
a  glass  rod  to  a  porcelain  djsh  about  eight  inches  in  diameter,  and  the  mass 
Ihoronghly  broken  up  with  water. 

If  the  quantity  of  oxide  does  nut  exceed  02  gm.,  20  or  25  c.c.  of  the  standard 
permanganate  are  mixed  with  80  or  100  c.c.  of  tbe  dilute  sulphuric  acid  and 
jioured  over  the  cuprous  oxide,  and  the  mixture  well  stirrea  till  dissolved. 
Boiling  Hster  is  then  added  so  as  to  brin(>  the  temperature  to  46°  or  5C  C,  but 
not  more  than  the  latter.  It  is  now  resd^  for  titration.  It  is  found  best  to  add 
excess  of  oxalic  acid  solution,  after  adjusting  the  temperature  of  the  liquid,  and 
then  to  titrate  back  wth  tbe  permanganate.  This  process  is  very  rapid,  owing  to 
llic  use  ot  the  filter  pump,  and  it  gives  consistent  and  good  reeults. 

The  amount  of  cuprous  oxide  corresponding  to   the  volume  of 
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permanganate  used,  is  calculat«<l  by  multiplying  the  oxygen  value 
of   the   number  of  cc.  used  by  the  factor  8-91  l^vy^Q-Y      The 

authors  iiae  the  factor  0'5045  for  the  coiiversion  of  weight  of  CjO 
into  dextrose,  levulose,  or  invert  sugar.  Tlie  most  ira[>ortaiit  applica- 
tion of  this  process  is  its  use  in  the  analysis  of  sugars  by  the 
determination  of  their  cupric  reducing  power.  For  this  purpose  the 
hot  solution  of  sugar  is  introduced  into  excess  of  Fehling's  solution 
contained  in  a  beaker  immerse<l  in  the  water  bath,  and  the  reduction 
allowed  to  proceed  for  14  minutes,  according  to  the  method  recom- 
mended by  C.  O'Sullivan  (Watts'  Diet.,  art.  Sugar).  The  method 
can  of  couTse  be  used  for  the  estimation  of  copper  as  cuprous  oxide  in 
other  cases  tlian  sugar  analysis. 

The  cuprous  iodide  process  may  be  also  used  to  ascertain  the 
amount  of  copper  not  precipitated  by  the  sugar.  Several  operators 
have  experimented  on  the  method,  the  best  of  which  is  that  given  by 
Schoorl  {Zeit.  angew.  Ghem.  1899,  633),  Results  agreeing  with  the 
gravimetric  determinations  can  be  obtained  if  a  fair  excess  of  potassium 
iodide  be  used,  and  if  this  be  adde4.1  to  the  alkaline  liquid  prior 
to  acidification.  The  author  describes  the  following  modification 
as  Ijeing  convenient. 

Ubtbod  of  Pbocbdube:  10  cc.  of  Fehling's  copper  solution  (10  c.o.= 
2774  cc  "/lo  thiosulphate)  are  milled  with  10  cc.  of  Soihlet's  alkaline 
tartrate  eolution  in  a,a  Erleomeyer  flssk  of  200  cc.  capacity.  Water  is  added 
to  make  up  60  cc.  and  the  cootents  of  the  flask  are  boiled  for  2  minutes  on  wire 
gauze,  over  which  is  placed  an  asbestos  ring  having  a  hole  0  cm.  in  diameter. 
The  liquid  is  then  quickly  and  thoroughly  cooled  under  the  tap,  and  10  cc.  of  a 
20  per  cent,  solution  of  potassium  iodide  and  10  cc.  of  25  per  cent.  Bulphuric  acid 
(1'5  of  oooceotnilcd  acid  with  H'b  of  water  by  volume)  are  added.  The  Iodine 
liberated  is  immediately  titrated  with  decioormal  thiosulphate  with  the  addition 
of  starch  until  the  blue  colour  changes  to  cream.  After  this  blank  experiment,  a 
similar  one  in  every  reiipect  is  made,  introducing  a  known  quantity  of  sugar 
solution  in  place  of  some  of  the  water  making  up  to  50  cc.  Not  more  than 
90  m.gm.  of  glucose  or  invert  sugar  or  125  m.gm.  of  lactose  should  be  taken,  and 
in  the  determination  of  lactose,  the  liquids  should  be  boiled  for  5  minutes  instead 
of  2.  When  the  sugar  is  impure  care  should  be  taken  to  determine  whether 
there  is  any  impurity  capable  of  combining  witJi  iodine. 

T.  B.  Wood  and  E.  A.  Berry  (I'roc.  Cambridge  Phil.  Soc., 
1903,  12,  97-98)  have  devised  the  following  method  for  use  wliere  a 
polarimetric  determination  is  not  possible. 

Tbe  saccharine  solution  is  clarified  by  means  of  basic  lead  acetate,  the  cane 
su^r  present  inverted  by  treatment  with  dilute  acid,  the  solution  neutralized 
and  diluted  till  it  contains  from  l>-6  to  10  per  cent,  of  reducing  sugar.  10  cc.  of 
the  sugar  solution  are  now  added  to  50  cc  of  a  boiling  copper  solution  (23'5  gm. 
of  ix>pper  sulphate.  250  gm.  of  potassium  carbonate  and  100  gm.  of  potassium  bi- 
carbonate per  liter)  and  the  mixture  bailed  for  10  minutes.  The  cuprous  oxide 
precipitated  is  filtered  off  in  a  Gooch  crucible,  washed  with  boiling  water,  and 
transferred  to  a  Bask  fllied  with  carbon  diojide.  It  is  then  shaken  vigorously 
for  a  few  moments  with  25  cc.  of  2i  per  cent,  solution  of  ferrio  sulphate  m  25 
per  cent,  sulphuric  acid,  whereby  the  cuprous  oxide  dissolves,  reducing  an 
etjuivalent  amount  of  ferric  sulphate  to  the  ferrous  salt.  The  latter  is  titrated 
with  a  solution  of  potassium  permanganate  of  such  strength  that  1  o.c  is. 
equivalent  to  0*01  gm.  of  copper. 
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8.    Eatimation  of  Gluooae  by  Heroury. 
Enapp'B  Standard  Mercuric  oyanide. — 10  gm.  of  pure  dry 

mercuric  cyanide  are  dissolved  in  about  600  c.c.  of  water ;  100  c.c.  of 
caustic  soda  solution  (sp.  gr.  1-145)  are  added,  and  the  liquid  diluted 
to  1  liter. 

Sachsse's  Standard  Herourio  iodide. — 18  gm.  of  pure  dry 
mercuric  iodide  and  25  gm.  of  potassium  iodide  are  dissolved  in 
water,  and  to  the  liquid  is  added  a  solution  of  80  gm.  of  caustic 
potash ;  the  mixture  is  finally  diluted  to  1  liter. 

These  solutions,  if  well  preserved,  will  hold  their  strength  unaltered 
for  a  long  period. 

These  solutions  are  very  nearly,  but  not  quite,  the  same  in 
mercurial  strength,  Knapp's  containing  7'9365  gm.  Hg  in  the  liter, 
SacUsse's  7-9295  gm.  100  c.c.  of  the  former  are  equal  to  lOO'l  c.c. 
of  the  latter. 

lodioatOFs  for  the  Mercurial  Solutions. — In  the  case  of 
Fehling's  solution,  the  absence  of  blue  colour  acts  as  a  sufficient 
indicator,  but  with  mercury  solutions  the  end  of  reaction  must  be 
found  by  an  external  indicator.  In  the  case  of  Knapp's  solution 
the  end  of  the  reaction  is  found  by  placii^  a  drop  of  the  clear 
yellowish  liquid  above  the  precipitate  on  pure  white  Swedish  filter 
pajjer,  then  holding  it  first  over  a  bottle  of  fuming  HCl,  then  over 
strong  sulphuretted  hydrogen  water ;  the  slightest  trace  of  free 
mercury  shows  a  light  brown  or  yellowiah-hrown  atain.  The  iudicat«r 
beat  adapted  for  Sachsse's  solution  is  a  strongly  alkaline  solution  of 
stannous  chloride  spotted  on  a  porcelain  tile.  An  excess  of  mercury 
gives  a  brown  colour. 

Method  of  Feocedceb  :  40  c.c.  of  either  sotutioD  bib  pUced  in  a  porcelain 
buin  or  a  Buk,  diluted  irith  &n  equal  bulb  of  water,  and  heated  to  boiling.  The 
solution  of  sugar  of  i  per  cent,  strength  is  then  delivered  in  until  all  the  mercury 
is  precipitated,  the  theory  being  in  either  case  that  40  cc.  should  be  reduced  by 
01  gm.  of  dextrose. 

The  results  of  Soxhiet's  experiments  show  that  this  estimate  is 
entirely  wrong* ;  nevertheless,  it  does  not  follow  that  these  mercurial 
solutions  are  useless.  It  is  fomid  that,  using  them  by  comparison 
with  Fehliug'a  solution,  it  is  possible  to  define  to  some  extent  the 
nature  of  mixed  sugars,  on  the  principle  of  indirect  analysis. 

Knapp's  solution  is  strongly  recommended  by  good  authorities  for 
the  estimation  of  diabetic  sugar  in  urine.  The  method  of  using  it  ia 
described  in  the  section  on  Urinary  Analysis. 

The  behaviour  of  the  augars  with  alkaline  mercury  solutions  was  tested  by 
Soihlet  both  with  Knapp's  solution  and  Sachese's  solution. 

He  found  that  different  results  are  obtained  from  Knapp's  solutions,  accord- 
ins  as  the  sugar  solution  is  added  gradually,  or  all  at  once  ;  when  gradually 
added  more  sugar  being  required;  with  Sachsse's,  however,  the  raverae  is  the 
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To  ^t  comp&nble  reaulta  the  eugnr  must  be  added  >11  at  once,  the  solution 
boiled  for  two  or  three  minutes,  and  the  liquid  tested  for  mercury,  alirajs  using 
the  same  indioator;  in  using  the  alkaline  tin  solution  aa  indicator,  0'200-0'202 
gm.  of  ^pe  BUgar  was  always  required  for  100  c.o.  Knapp,  in  a  large  number 
of  expenments.  It  is  remarkable  that  these  two  solutions,  although  containing 
almost  eiactlj  tlie  same  amount  of  mercury,  require  very  diftereat  quantities  of 
sugar  to  reduce  equal  volumes  of  them.  This  is  shown  to  be  due,  to  a  great 
extent,  to  the  different  amounts  of  alkali  present  in  them. 

The  various  sugars  have  different  reducing  powers  for  the  alkaline 
mercury  solutions,  and  there  is  no  definite  relation  between  the 
amount  of  Kaapp's  and  SachBse'a  solutions  required  by  them;  the 
amount  of  Sachsse's  solution,  to  which  100  c.c.  Knapp's  correspond, 
varying  from  54'7  c.c.  in  the  case  of  galactose,  to  74-8  c.c,  in  the  case 
of  invert  sugar. 

The  two  mercury  methods  have  no  advantage  in  point  of  accuracy 
or  convenience  over  Fehling'a  method,  the  latter  having  the  pre- 
ference on  account  of  the  great  certainty  of  the  point  at  which  the 
reduction  is  finished. 

The  mercury  methods  are,  however,  of  great  importance,  both  for 
the  identification  of  a  si^r  and  for  the  estimation  of  two  sugars  in 
presence  of  each  other,  as  proposed  by  Sachsse.  For  instance,  in 
the  estimation  of  grape  and  invert  sugars  in  presence  of  each  other, 
there  are  the  two  equations  :  flj;  +  Sy=F,  cx  +  dr/^S. 

Where— 
a=number  of    1    c.c.    Fehling,    reduced   by    1    gm.    grape   sugar. 
„  „  „  invert  sugar. 

Sachsse  „  „  grape  sugar, 

„  ,,  „  invert  sugar. 

Fehling,    used   for    1    vol,    sugar   solution. 
Sachsse 

=amount  of  grape  sugai  in  gms.  in  1  vol.  of  the  solution. 
y=      II  invert  stigat  „  „  „ 

It  need  hardly  be  mentioned  that  the  above,  like  all  other  indirect 
methods,  leaves  room  for  increased  accuracy ;  but  nevertheless  the 
combination  of  a  mercury  method  with  a  copper  method  in  the 
determination  of  a  sugar  whose  nature  is  not  exactly  known,  gives 
a  more  serviceable  result  than  the  liitherto  adopted  plan,  by  which 
a  solution  that  reduced  10  c.c.  Fehling  was  said  to  contain  0'05  gm. 
of  sugar  {/.  C.  S.  Abstracts,  1880,  758). 

Taking  the  reducing  power  of  grape  sugar  =100,  the  reducmg 
powers  of  the  other  sugars  are  : — 

Fshling  (undUntsd).    Saapc.  Sachaae. 

Grape  sugar   100 

Invert  sugar  96'2 

Levulose  (calculated) 92-4 

Milk  sugar 70-3 

Galactose    93-2 

Inverted  milk  sugar 96'2 

Maltose 61-0 


Too- 

100 

990 

124'5 

1022 

148'6 

64-9 

70-9 

830 

74-8 

900 

85-5 

63-8 

660 
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4.    Siderekr's  Method. 

Thia  process  hae  found  great  favour  among  Frencli  sugar  experts, 
■and  ia  based  on  the  use  of  Soldaini's  cupric  aolution,  which  waa 
-devised  to  remedy  the  faults  common  to  Fehling  and  other  copper 
solutions  containing  tartrated  and  caustic  or  carbonated  alkalies. 

This  liquid  is  prepared,  according  W  Degener,  in  the  following 
manner ; — 40  gm.  of  cupric  sulphate  are  dissolved  in  water,  and,  in 
■another  vessel,  40  ^i.  of  sodium  carbonate  are  also  dissolved  in 
water.  The  two  solutions  are  mixed,  and  the  copper  precipitated  in 
the  state  of  hydrobaaic  carbonate.  The  precipitate  is  wa^ed  with 
■cold  water  and  dried.  This  precipitate  is  added  to  a  very  concentrated 
«nd  boiling  solution  of  potassium  bicarbonate  (about  415  gni.)  and 
agitated  until  the  whole  ia  completely  or  nearly  dissolved,  water  is 
Added  to  fomi  a  volume  of  1400  c.c,  and  the  whole  mass  heated  for 
two  hours  upon  a  water-bath.  The  insoluble  matter  is  filtered,  and 
the  filtrate,  after  cooling,  is  of  a  deep  blue  colour.  The  sensibility  of 
this  liquid  is  so  great  that  it  gives  a  decided  reaction  witli  0'0014  gm. 
<if  invert  sugar.  The  presence  of  sucrose  in  the  solution  increases 
this  sensibility  still  more. 

Sidersky  has  recently  offered  a  new  volumetric  method,  based 
upon  the  use  of  Soldaini's  solution.  With  svigars  the  same  method 
.as  is  now  in  use  with  Fehling's  solution,  can  easily  be  followed, 
watching  the  disapi>caniiice  of  the  blue  colour,  and  testing  the  end 
with  ferrocyanide  and  acetic  acid.  This  process  offers  no  serious 
objections  common  to  Fehling's  solution,  but  is  inapplicable  to 
coloured  sugar  solutions,  such  as  molasses,  etc.  For  the  last  the 
following  is  recommended  : — 

Method  of  Pbocedubei  26  gm.  of  malswies  are  dinsotved  in  100  c.c.  of 
water  and  sub«cetate  of  lead  added  in  puKicient  quantities  to  precipitate  the 
inipuritieK,  and  the  voIuihh  nised  to  200  c.c  and  Altered.  To  100  c.c.  of  the 
flltnite  are  added  25  c  c.  of  concentrated  solution  of  m>diain  carbonate,  agitated, 
and  filtered  again.  100  c.c.  of  the  second  filtrate  with  excess  of  lead  removed 
are  taken  for  ftnalysia.  On  the  other  hand,  100  c.c.  of  Soldaini's  solution  are 
placed  in  a  flask  and  heated  five  minutes  over  an  open  Hame.  The  sugar  solution 
IB  now  added  little  by  little,  and  the  heating  continued  for  Bve  minutes.  Fin&lly, 
the  heat  is  withdrawn  and  cooled  by  turning  in  100  c.c.  of  cold  water,  and 
filtered  throuf^  a  Swedish  filter,  washed  with  hot  water,  letting  each  washing 
nin  oft  before  another  addition.  Three  or  four  washiiiffi  will  generally  remove 
completely  the  alkaline  reaction.  The  precipitate  is  then  washed  through  a  hole 
in  the  filter  into  a  flask,  removing  the  last  trace  of  copper.  25  c.c.  of  normal 
sulphuric  acid  are  added  with  two  or  three  cryslala  of  potoMsium  chlorite,  and  the 
whole  gently  heated  to  dissolve  completely  the  oxide  of  copper,  which  is  trans- 
formed into  copper  sulphate.  The  excess  of  sulphuric  acid  is  determined  by  a 
standard  ammonia  solution  (semi -normal),  of  which  the  best  indicator  is  the 
sulphate  of  copper  itself.  When  the  deep  blue  colour  gives  place  Ic  a  greenish 
tinge  the  titration  is  completed.  The  method  of  titiation  is  performed  as 
follows:— Having  cooled  the  contents  of  the  fla.ak,  a  quantity  of  ammonia 
equivalent  te  26  c.c.  of  normal  sulphuric  acid  is  added.  From  a  burette 
graduated  into  one-tenth  c.c.  standard  sulphuric  acid  is  dropped  in  drop  by  drop, 
agitating  ufler  each  addition.  Tlie  blue  colour  disappears  with  each  addition  to 
reappear  after  shaking.  When  the  last  trace  of  ammonia  is  saturated  the 
titration  is  complete,  which  is  known  by  a  very  feeble  greenish  tinge.  The 
number  of  c.c.  is  raid  from  the  burette,  which  is  equivalent  to  the  ooppsr 
precipitated.     The  equivalent  of  copper  being  taken  at  317,  the  normal  acid 
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alight  excess  which  gives  Che  pale  green  tinge.* 

5.    Pavy'a  modified  Fehling  Froodss. 

Thia  method  consiste  in  adding  ammonia  lo  the  ordinary  Fuhling 
solution,  by  which  means  the  precipitation  of  cuprous  oxide  is 
entirely  prevented,  the  end  of  the  reaction  being  shown  by  the 
disappearance  of  the  blue  colour  in  a  perfectly  clear  solution 
(C.  N.  x].  77). 

The  solution  recommended  by  I'avy  is  made  by  mixing  120  c;c. 
ordinary  Fehling  solutionf  (see  p.  311)  with  300  c.c.  of  stronj; 
ammonia  (sp.  gr.  0-880),  adding  100  c.c.  of  a  10  per  cent,  caustic 
soda  solution  or  of  a  14  per  cent,  solution  of  potash,  and  diluting  to 
a  liter.  If  Fehling's  solution  is  not  available,  Pavy's  solution  may  ■ 
be  made  directly  by  adding  a  cooled  solution  of  2 1  '6  gm.  Rochelle  salt 
and  18'4  gm.  of  soda  (or  35'8  gin.  of  potash)  to  a  solution  of  4'167 
gm.  pure  cuptic  sulphate,  abiding  300  c.c.  of  strong  ammonia  and 
making  up  to  a  liter.  100  c.c.  Pavy's  sohition=  10  c.c.  Fehling's 
solution  =  0-05  gm.  of  glucose. 

As  ammoniacal  cuprous  solutions  are  readUy  osidiMd,  it  is 
important  to  exclnde  air  from  the  Uquid  during  titration.  The 
titration  should  be  made  in  a  small  boiling  flask,  through  the  cork  of 
ichich  the  elongated  end  of  the  burette  is  passed.  A  small  escape 
tube,  preferably  with  a  valve,  also  paasea  through  the  same  cork,  and 
leads  into  a  vessel  containing  water  or  weak  acid,  to  condense  the 
ammonia.  Allen  lias  found  a  lay^r  of  pataflin  over  the  litjuid  an 
effective  means  of  excluding  air. 

In  carrj'ing  out  the  titration  (100  c.c  of  the  Pavy's  solution  is 
a  convenient  quantity  to  take)  a  few  pieces  of  i>uniice  or  pipe-stem 
are  added,  the  liquid  brought  to  boiling,  and  kept  boiling  wliilst 
the  sugar  solution  is  gradually  run  in.  The  end-point  is  very  eliarp. 
^Nliilst  rapid  manipulation  is  desirable,  the  solution  must  not  be  run 
in  too  quickly,  because  r&iuction  takes  place  more  slowly  than  with 
Fehling's  solution. 

The  method  is  well  adapted  for  the  examination  of  diabetic  urine 
and  milk,  also  mixtures  of  milk  and  cane  sugars,  and  certainly  has  the 
advantage  over  the  ordinary  Fehling  method  by  its  definite  end- 
point. 

Z.  Peska  gives  the  following  method  for  the  volumetric  estimation 
of  sugar  by  means  of  ammoniacal  copper  solution  {Chem.  Zett.  Rep. 
1895,  257).  In  order  to  avoid  the  oxidatiou  of  the  copper  oxide  in 
solution,  a  layer  of  vaseline  is  used  instead  of  the  usual  cun-eiit  of 
hydrogeu.  Two  solutions  are  prepareil :  6'927  gm.  of  the  purest 
crystallized  copper  suljdiate  are  dissolved  in  water,  160  c.c.  of  25  [jer 
cent,  ammonia  added,  and  the  whole  made  up  to  500  c.c. ;  34-5  gm. 
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.  of  caustic  Boda  are  also  ilissolved  and 

Mffhod  op  Pbocedubs  :  A  mixture  of  60  c.c.  ot  each  liquid  is  heated  io  a 
beaker  under  a  layer  of  vaseline  oil  6  m.m.  thick,  to  a  tempeTature  of  80"  C. 
Tbe  sugar  solution  is  run  in  1  c.c.  at  a  time  for  the  first  test,  but  on  a  repetition 
the  whole  amount  may  be  added  at  once.  Towards  the  end  of  tbe  titratioa,  tbe 
temperature  must  be  raised  to  66°,  and  tbe  heating  continued  for  two  minutes 
when  working  on  either  glucose  or  invert  sugar,  four  minutes  for  maltose,  and 
six  minutes  tor  milk  sugar.  Dextrine  increases  the  reducing  power  of  tha  sugar 
in  this  solution  less  than  in  tbe  one  prepared  with  potash,  and  as  the  ammonia 
has  no  injurious  action,  the  whole  process  is  both  exact  and  convenient.  When 
taccharose  ia  present,  1  gm.  of  it  has  a  reducing  action  equivalent  to  (y026  gm. 
of  invert  sugar.  In  the  determination  ot  lactose  in  milk  the  albuminoids  should 
be  precipitated  wilh  lead  acelate  and  the  excess  of  lead  removed  by  sodium 
sulphate.  The  CoUoning  table  givesi  directly  the  number  of  milligiams  of  each 
sugar  in  100  c.c.  of  solution. 

c.o.'eOlncoM.    lonrt         Uilk     lUltoie.    i   c.c.'i  Qhicoiie.     Invert        Hllk     M&ltoH. 
"    "  nsed.  SQgsr.       sngai. 


9160       1023-0 


M7-8 

1049-2 

9351 

802-3 

844-6 

7307 

770-0 

670-8 

707-6 

620-0 

654-6 

576-8 

6087' 

638-4 

.   668-9 

605-a 

5.14-2 

476-B 

503-3 

449-7 

475-7 

426-3 

46T2 

406-2 

429-0 

21  380-0      408'8 

22  368-7       390-6 

23  352-8      3TS8 


064'8       735-8      66 


300-9 

319-3 

583-6 

666-8 

290-3 

307-8 

588-1 

634-1 

280-3 

297-3 

544-1 

613-0 

2711 

287-6 

626-2 

693-2 

262-4 

278-2 

509-5 

674-5 

2642 

269-6 

493-8 

657-1 

246-6 

261-6 

479-1 

540-8 

239-3 

263-9 

465-3 

625-3 

232-6 

246-7 

4B2-2 

5107 

226-1 

240-0 

439-8 

496-8 

220-0 

233-5 

428-1 

4837 

214-8 

227-4 

417-0 

471-3 

208-8 

221-7 

406-5 

208-6 

216-2 

896-5 

448-3 

198-7 

211-0 

387-0 

437-6 

1941 

206-0 

377-8 

4274 

189-7 

2013 

369-2 

4177 

186-4 

1S8-7 

360-9 

408-4 

181-2 

192-3 

363-0 

399-5 

177-3 

188-1 

345-4 

391-0 

173-5 

184-1 

3381 

382-8 

169-9 

180-3 

331-2 

374-9 

1680 

173-2 

318-1 

360-0 

169-8 

169-8 

311-9 

3530 

166-8 

166-5 

306-0 

846-3 

163-9 

163-4 

300-3 

339-9 

151-1 

160-4 

294-8 

333-8 

148-4 

167-5 

289-4 

327-9 

1467 

154-7 

2H4  2 

322-3 

1431 

152-0 

279-3 

816-7 

140-6 

149-4 

274-5 

811-4 

138-2 

146-9 

269-9 

306-8 

135-9 

144-6 

266-4 

301-8 

1337 

142-2 

261-1 

296-4 

131-5 

139-9 

256-9 

2B1-6 

129-4 

1377 

252-9 

2870 

127-4 

186-6 

249-0 

282-6 

1S5-4 

133-4 

246-2 

278-3 

123-5 

131-4 

241-5 

274-1 

1217 

129-5 

237-9 

270^ 

119-9 

127-6 

234-4 

266-1 

118-2 

1257 

231-0 

262-8 

116-6 

128-9 

227-7 

258-6 

114-9 

1222 

224-6 

2650 

113-3 

120-5 

221-6 

261-6 

111-8 

118-9 

218-5 

248-1 

110-3 

117-3 

215-6 

244-8 

lOS-8 

115-8 

212-8 

241-6 

106-0       1128       207-3 


102-0 

108-6 

100-8 

107-2 

99-6 

106-9 

104-6 

108-4 

— 

102-2 

2160 
213-6 
2111 
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6.  Qerrard's  Cyano-ouprio  Frooma. 
This  process  {Year  Book  Pharm.  1892,  400),  as  improved  by 
Gerrard  and  A.  H.  Allen,  haa  proved  a  valuable  addition  to  die 
processes  of  titration  based  on  the  reducing  power  of  glucose.  It 
has  the  advantage  over  Pavy's  method  in  causing  no  evolution  of 
ammonia;  moreover,  the  reduced  solution  is  reoxidized  so  Blofrly 
that  titration  may  even  be  conducted  in  an  open  dish  with  reasonable 
expedition.  The  process  is  based  on  the  following  focts: — When 
a  solution  of  potassium  cyanide  is  added  to  a  solution  of  copper 
sulphate  a  colourless  stable  double  cyanide  of  copper  and  potassium 
is  formed,  thus : — 

CuSO,  +  4KCy  =  CuCyj,2K:Cy  +  K^O,. 
This  salt  is  not  decomposed  by  alkalies,  hydrogen  sulphide,  oi 
ammonium  sulphide.  If  potassium  cyanide  be  added  to  Fehlilig's 
solution  the  latter  is  decolourized,  the  above  double  salt  being  formed 
at  the  same  time,  and  if  the  colourless  solution  be  boiled  with  glucose 
no  cuprous  oxide  is  precipitated.  If  there  be  present  excess  of 
Fehling's  solution  over  the  amount  capable  of  being  decolourized 
by  the  potassium  cyanide,  the  mixture  is  blue,  and  when  it  is  boiled 
with  a  reducing  sugar  the  extra  portion  is  reduced,  but  no  cuprous 
oxide  is  precipitated,  the  progress  of  the  reduction  being  marked  by 
the  gradual  and  final  disappearance  of  the  colour  of  the  solution,  just 
as  in  Pavy's  process. 

Process  of  Titiutioh:  10  c.c.  of  fresh  Fehling's  solution,  or  B  c.o.  of 
e«ch  of  the  FonsiBtent  solutions  ire  diluted  with  40  cc.  of  water  in  a  poroeltun 
dish  and  heated  to  boiling.  An  approiimalelj  6  per  cent,  solution  of  potaadum 
ojinide  ia  added  very  cautiously  from  a  burette  or  pipette  to  the  still  boiling  and 
well  agitated  blue  liquid,  till  tlie  colour  is  juat  about  to  disai^)ear,  Exec«8  of 
cyanide  must  be  carefully  SToided.* 

10  c.c  of  Fehling  solution  are  now  aoourately  Kiessured  into  the  dish,  and 
the  lugar  solution  (of  about  \  per  cent,  strength  glucose)  run  in  slowly  from  a 
burette  with  constant  stirring  and  ebullition,  till  the  blue  colour  disappears. 
Only  the  second  njeasure  of  Fehling's  solution  suffers  reduction.  The  volume' 
of  sugar  solution  run  in  contaiiJs  0'05  gm.  of  glucose. 

Some  technioal  applicatdoiiB  of  these  Solutions  to 

mixtureH  of.  Tariou.s  Sugars. 

It  cannot  be  claimed  for  these  estimations  that  they  are  absolutely 

exact ;  but  with  care  and  practice,  accompanied  with  uniform  conditions, 

they  are  probably  capable  of  the  beet  possible  results  whatever  methods 

may  be  used. 

Cane  Sugar.  Grape  Sugar,  and  Dextrine  (Biard  and  Pellet, 
Z.  a.  C.  xiiv.  275).  The  solution  containing  these  three  fonos  is  fint  titrated 
with  the  usual  F  e  h  1  i  n  g  solution  for  grape  sugar.  A  second  portion  is  boiled 
with  acetic  acid  (which  only  inverts  cane  sugar)  and  titrated.  Finally,  a  tbiol 
portion  is  completely  inverted  with  sulphuric  acid  and  titrated.  The  differenoe 
of  the  Bret  and  second  titrations  gives  the  cane  sugar,  and  that  of  the  second  and 
third  the  dextrine. 


Li  tha  double  craujdi)  lolntlon  keejis  I 


>a.  and  that  TcHume  takes  tor  aoh  tJtnti''D. 
t  decolooT^xatloii  eT«7  time. 
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'  milk  augtt  is  slone 
I  and  albumen  muti  be 
first  removed.  Acidify  the  liquid  with  s  few  drops  of  loetio  «oid,  warm  until 
ooagalation  ia  effected,  and  filter.  Boil  the  filtrate  to  ooagulate  the  albumen. 
Filter  agun,  and  neutralize  with  soda  previous  to  treatmeut  for  suosr  b;  the 
copper  test.  The  cumber  ot  o.o,  of  Pehling's  solution  required,  multiplied  bj 
0'000766,  will  give  the  weight  of  milk  sugar  in  grams,  birect  estimation  br 
Favy-Fehiin)^  is  preferable  ta  this  method.  Cane  iugar  in  presence  of  mitk 
sugar  maj  be  estimated  as  follows  :— Dilute  the  milk  to  ten  times  its  bulk, 
having  preriouslj  ooagulaled  it  with  a  little  oitrio  acid,  filter,  and  make  up 
to  a  deSniCe  Tolume,  titrate  a  portion  with  FaTy-Fehliag  solution,  and  note 
the  result,  Then  take  100  c.o.  of  the  filtrate,  add  2  gm.  of  citrio  aoid,  and  boil 
for  10  minutes,  cool,  neutralize,  make  up  to  20O  o.c,  and  titrate  with  copper 
solution  as  before.  The  difference  between  the  reducing  powers  ot  the  solutiont 
before  and  after  conversion  is  due  to  the  cane  sugar,  the  milk  sugar  not  being 
affected  by  citrio  acid. 

Stokes  Mid  Bodmer  {Analgti  x.  62)  have  experimeDt«d  lately  on  this 
method,  and  with  satisbotor;  reeulla.  The  plan  adopted  b;  them  is  to  use 
40  CO,  of  Pavy-Pehling  liquid  (^0'02  gm,  glucose),  and  to  dilute  the  sugar 
solution  (without  previous  coagulation),  so  that  from  6  to  12  c.c,  are  required 
for  reduction.  By  using  a  screw-olamp  on  the  rubber  burette  tube,  the  sugar 
solution  is  allowed  to  drop  into  the  boiling  liquid  at  a  moderate  rate.  If  Cu,0 
should  be  precipitated '  before  the  colour  disappears,  a  fresh  trial  must  be  made, 
adding  the  bulk  ot  the  sugar  at  once,  then  finishing  by  drope.  If,  on  the  other 
band,  the  sugar  hss  been  run  in  to  excess,  which  owing  to  the  rather  alow 
reaction  is  easily  done,  fresh  trial  must  be  again  made  until  the  proper  point  is 
reached ;  this  gives  the  milk  eufi^r.  Meanwhile  a  portion  ot  the  mixed  sugar 
solution  is  bailed  with  2  per  cent,  of  citrio  acid,  neutralized  with  NH,  made  up 
to  double  its  original  volume,  and  titrated  as  before. 

These  operators  have  determined  the  reducing  action  of  milk,  cane, 
and  grape  sugar  on  the  Pavy-Fehling  hquid,  the  result  being  that 
100  lactoae  repieeenta  respectively  62  glucose,  or  49'4  sucrose. 

In  a  recent  paper  by  F.  W,  Eichardson  and  A,  Jaff fe  {J.  S.  O.  I. 
xxiii.  309)  they  state  that  the  copper  method  of  eatin^ting  mixtures 
of  sugars  in  milk  are  practically  valueless,  having  obtained  far  more 
consistent  results  by  polarimetric  methods. 

BTTLFHUB. 


Estimatioa  in  Pyrites,  Ores,  Besidufls,  eto. 
1.    Alfcalimetrio  Hethod  (Felouze), 

g  76.  Tma  process,  designed  for  the  rapid  estimation  of  sulphur 
in  iron  and  copper  pyrites,  has  hitherto  been  thought  tolerably 
accurate,  but  experience  has  shown  that  it  cannot  be  relied  upon 
except  for  rough  technical  i>iirpoaes. 

The  process  is  based  on  the  fact,  that  when  a  sulphide  is  ignited 
with  potassium  chlorate  and  sodium  carbonate,  the  sulphur  ia  converted 
entirely  into  sulphuric  acid,  which  expels  its  equivalent  proportion  of 
carbonic  acid  from  the  soda,  forming  neutral  sodium  sulphate ;  if 
therefore  an  accurately  weighed  quantity  of  the  substance  be  fused 
with  a  known  weight  of  pure  sodium  carbonate  in  excess,  and  the 
resulting  mass  titrated  with  normal  acid,  to  find  the  quantity  of 
unaltered  carbonate,  the  proportion  of  sulphur  is  readily  calculated 
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from  the  diffsrence  between  the  volume  of  normal  acid  required  to 
Batuiate  the  original  carbonate,  and  that  actually  required  after  the 
ignition. 

It  is  advisable  to  take  1  giu.  of  the  finely  levigated  pyrites,  and 
5*3  gm.  of  pure  sodium  carbonate  for  each  assay ;  and  as  5'3  gm. 
of  sodium  carbonate  represent  100  cc.  of  normal  sulphuric  acid,  it 
ia  only  necessary  to  subtract  the  number  of  cc.  used  after  the 
ignition  from  100,  and  multiply  the  remainder  by  O'OIG,  in  order 
to  arrive  at  the  weight  of  sulphur  in  the  1  gm.  of  pyrites,  and  by 
moving  the  decimal  point  two  places  to  the  right,  the  percentage 
is  obtained. 

Exi-UPLB  -  1  gm.  of  linel}'  ground  PeSj  wu  mixed  inlinatelt/  with  G-3  gm. 
sodium  carbonate,  uid  nbout  7  gm.  each  of  potasaium  cblonM,  and  decrepitated 
sodium  chloride,  in  powder;  then  introduoad  into  &  pUtinum  oruoible,  and 
^raduallj  exposed  to  a  dull  red  heat  for  tea  minutes ;  the  crucible  suffered  lo 
cool,  and  warm  water  added ;  the  mlution  bo  obtained  was  brought  on  a 
moistened  Alter,  the  residua  emptied  into  a  beaker  and  bailed  with  a  large 
quantity  of  water,  brought  on  the  filler,  and  washed  irith  boiling  water  till  all 
soluble  matter  was  removed ;  the  filtrate  coloured  with  methyl  orange,  and 
titrated.  6T  o.c.  of  normal  acid  were  required,  which  deducted  from  100,  left 
38  cc. ;  this  multiplied  by  0-016 gave  O-BZB gm.  or  529  per  cent.  8. 

Burnt  Pyrites. — The  only  satisfactory  volumetric  method  of 
estimating  the  sulphur  in  the  residual  ores  of  pyrites,  is  that 
described  by  Watson  (/.  S.  C  J.  vii.  305),  and  which  is  in  daily 
use  in  large  alkali  works.  In  order  to  avoid  calculation,  Watson 
adopts  the  following  method  : — 

Standard  hydrochloric  acid. — 1  cc.  =0'02  gm.  N%0. 

Sodium  bicarbonate. — -This  may  be  the  ordinary  commercial  salt, 
but  its  exact  alkalinity  must  be  ascertained  by  the  standard  acid. 
Where  a  number  of  analyses  are  being  made,  a  good  quantity  of 
the  salt  should  be  well  mixed,  and  kept  in  a  stoppered  bottle.  Its 
exact  alkalinity  having  been  once  determined  it  will  not  alter,  though 
daily  opened. 

Method  of  Pbocedoxe  :  2  gm.  of  bicarbonate  is  placed  in  a  crucible  which 
may  be  either  of  platinum,  porcelain,  or  nickel,  and  te  it  is  added  6'16  gm.  of  the 
finelj  powdered  ore,  then  intimately  mixed  with  a  ilattened  glass  rod.  Heat 
gently  over  a  Bunsen  burner  for  6  or  10  niinut«t>,  and  break  up  the  mtm  with 
a  stout  copper  wire.  After  stirring,  the  heat  is  increased  and  continued  tor 
10  or  16  minutes.  The  crucible  is  then  washed  out  with  hot  water  into  a  beaker. 
The  mixture  i»  boiled  for  15  minutes,  filtered  iato  a  flask,  the  residue  waahed 
repeatedly  with  hot  nater,  then  cooled  and  titrated  with  the  standard  acid,  UMng 
methyl  orange  as  indicator. 

EzajiPLB:  2  gm.  of  the  bicarbonate  origiuallj  required  37'6  c.o.  of  acid. 
After  ignition  with  the  ore,  28  cc.  were  required=9'6  cc,  this  divided  by 
6  will  give  19,  which  is  the  peroentoge  of  total  sulphur  in  the  ore. 

This  total  sulphur  includes  that  which  exists  as  soluble  sulphide, 
and  which  is  not  available  for  acid  making.  In  onler  to  find 
the  amount  of  this  soluble  sulphur,  Watson  twils  516  gm.  of  the 
ore  with  5  cc  of  standard  sodium  carbonate  {1  cc  =  005  gm.  Na^O) 
diluted  with  water,  for  15  minutes.  After  filtering  and  washii^,  the 
filtrate   is   titrated   with   the   standard   hydrochloric  acid,  and    the 
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diffBrence  between  the  volume  used  and  that  which  was  originally 
required  for  5  c.c.  of  the  soda  solution  is  divided  by  fi,  as  in  the 
case  of  the  former  process,  which  ^ves  at  once  the  percentage  of 
lulphur  esiating  in  tjie  ore  in  a  soluble  form.  The  resultfi  are  not 
absolutely  exact,  but  quite  near  enough  to  guide  a  manufacturer  in 
the  working  of  the  furnaces. 

This  method  is  not  available  foe  unburnt  pyrites. 

a.    Efltimation  of.  Sulphur  in  Coal  Oas. 

A  most  convenient  and  accurate  process  for  this  eetiUiation  is  that 
of  Wildenstein  (g  77.2).  The  liquid  produced  by  burning  the 
measured  gas  in  a  Letheby  or  Vernon  Hai'court  apparatus  is  well 
mixed,  and  brought  to  a  definite  volume ;  a  portion  representing 
a  known  number  of  cubic  feet  of  gas.  is  then  poured  into  a  glass, 
porcelain,  or  platinum  basin,  acidified  slightly  with  HCl,  heated  to 
boiling,  and  a  measured  excess  of  standard  barium  chloride  added ;  the 
excess  of  acid  is  then  cautiously  neutralized  with  ammonia  (free  from 
carbonate),  and  the  excess  of  barium  ascertained  by  standard  potassium 
chromate  exactly  as  described  in  g  77.2. 

The  usual  method  of  stating  results  is  in  grains  of  sulphur  per 
100  cubic  feet  of  gas.  This  may  be  done  very  readily  by  using 
semi-normal  solutions  of  barium  chloride  and  potassium  cbromate  on 
the  metric  system,  and  multiplying  the  number  of  c.c.  of  barium 
solution  required  with  the  factor  0*1234,  which  at  once  gives  the 
amount  of  sulphur  in  grains. 

3.    Eatimation  of  Sulphur  in  Solphidee  deoompoeabld  by 
Hydioohlorio  or  Solphurlo  Adda  (Well). 

. '  This  process,  communicated  to  me  by  M.  Weil,  is.  based  on  the 
fact  tba^  in  the  case  of  sulphides  where  the  whole  of  the  sulphur  is 
given  off  as  H^S  by  heating  with  HCl  or  II,S()j,  the  HjS  may  he 
evolved  into  an  excess  of  a  standard  alkaline  copper  solution.  After 
the  action  is  complete,  the  amount  of  Cu  left  unre<luced  is  estimated 
by  standard  stannous  chloride.  The  method  is  available  for  the 
sulphides  of  lead,  antimony,  sine,  iron,  etc.  Operators  should 
consult  and  practise  the  methods  described  in  §  58.5,  in  order  to 
become  accustomed  to  the  special  reaction  involved. 

Mbthod  of  Pbocedthe:  From  1  to  10  gm.  of  msterial  (according  to  its 
richnesB  in  sulphur)  in  the  ^est  state  of  division,  are  put  into  a  loi^-aecked  Sask 
of  about  200  c.c,  capacity,  to  which  is  fitted  a  bent  delivery  tube,  bo  arranged  as 
to  dip  to  the  bottom  of  a  tall  cylinder,  containing  60  or  100  c.c.  of  stuidard 
Copper  solution  made  by  diasotvin);  39'fi23  gm.  of  cupric  sulphate.  200  gn>.  of 
Bochelle  salt,  and  126  gm.  of  pure  caustic  soda  in  water,  and  diluting  to  1  liter 
(1"  o.c.  =  0'l  gm.  Cu).  When  this  is  ready,  a  few  pieces  of  granulated  lino  are 
added  to  tbe  nulphide.  76  c.c.  of  strong  HCl  are  then  poured  over  them,  t^e 
cork  with  delivery  tobe  immediately  inserted,  connected  with  the  copper  solution, 
and  the  Qask  heated  tm  a  eand-bath  until  all  evolution  of  UgS  is  ended.  The 
blue  solution  and  black  precipitate  are  then  brought  on  a  filter,  filtrate  and 
waahingil  collected  in  a  200  or  250  c.c.  flask,  and  diluted  to  the  mark ;  20  c.o.  of 
the  dear  blue  liquid  are  then  measured  into  a  boiling  Saek,  and  evaporated  to 
10  or  15  c.c.    26  to  60  cu.  of  strong  UCt  are  then  added,  and  the  standard  tin 
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iolution  dropped  in  while  boiling,  until  the  blue  ghee  place  to  a  cleto  pura 

Each  c.c,  of  atandard  copper  solution  repreeenta  0-50393  gm, 
sulphur.    The  addition  of  the  granulatedEinc  focilitatee  the  libentioii' 
of  the  HjS,  and  sweeps  it  out  of  the  flask  ;  moreover,  in  the  case    ' 
dealing  with  lead  sulphide,  which  forms  insoluble  lead  chloride, 
materially  assists  the  decomposition.     Alkaline  tartrate  solution 
copper  may  be  used  in  place  of  ammoniacal  solution  if  so  desired. 

EXAKPLBS  (Weil);  1  gm.  of  galena  was  token,  aad  the  gas  deliTered  into 
SOo.c.  o[  BtAQcbird  oopper  solution  (^0'6  gm.  Cu).  AfMr  complete preoipltation 
the  bine  liquid  naa  diluted  to  200  c.c.  20  c.c.  of  this  required  12-&  c.c.  of 
Btannona  chloride,  tbe  titre  of  which  yna  16'6  c.a  for  004  gm.  Cu.  Therefore 
16-5:0-01;  :  12-6  :  0-0303.  Thus  200  c.c.  (- 1  gm.  galena)  represent  O'BOSgm.Cu. 
Then  0-5  rm.  Cu,  leea  O-3O3  =  0-lff7  gm.  for  I  gm.  gslena  or  19-7  for  100  gra. 
Consequently  197 '(0'S0393=9'92  per  cent.  8.  Estimation  bj  weight  gave 
9-85  per  cent.  Again,  1  gm.  zinc  sulphide  was  taken  with  100  c.c.  copper 
Bolulioa  add  made  up  to  250  c.c,  25  c.c.  of'whioh  required  11'3  cc.  of  same 
stannous  chloride,  or  143  c.a  for  the  1  gm.  sulphide.  This  repreeenti 
0'347  gm.  Cq.  Thus  l~0-347  =  0-653  gm.  Cu  (precipitated  as  CuS)  or  65'3  per 
lOO.  Cousequentl;  65-3x0-60393^32-1  per  cent.  3.  Control  estimation  by 
weight  gave  33  per  cent. 

The  process  has  given  me  good  technical  results  with  Sb^j,  but 
the  proportion  of  sulphur  to  copper  is  too  great  to  expect  strict 
accuracy 

4.    EstimatiOD  of  Alkaline  Sulphidea  by  Standard 
Zinc  Solution. 

This  method,  which  is  simply  a  counterpart  of  §  84.3,  is  especially 
applicable  for  the  technical  determination  of  alkaline  sulphides  in 
impure  alkalies,  mother-liquors,  etc. 

If  the  zinc  solution  be  made  by  dissolving  3'253  gm.  of    pure 
metallic  zinc  in  hydrocMoric  aeid,  supersatuiating  with  ammonia,  and 
diluting  to  1  liter,  1  c.c.  will  respectively  indicate — 
0-0016  gm.  Sulphur 
0-0039     „    Sodium  sulphide 
0'00551  „    Potassium  sulphide 
0-0034     „    Ammonium  sulphide. 
The  zinc  solution  is  added  from  a  burette  until  no  dark  colour  is 
shown  when  a  drop  is  brought  in  contact  with  solution  of  nickel 
sulphate  spread  in  drops  on  a  white  porcelain  tile. 

5.    SnlphurouB  Acid  and  Sulphites. 

The  difficulties  formerly  presented  in  the  iodometric  analyses  of 
these  substances  are  now  fortunately  quite  overcome  by  the  modifi- 
cation devised  by  Giles  and  Shearer  (J.  S.  C.  I.  iii.  197  and  iv: 
303).  A  valuable  aeries  of  experiments  on  the  estimation  of  SOj, 
either  free  or  combined,  are  detailed  in  these  papers.  The  modification 
is  both  simple  and  exact,  and  consists  in  adding  the  weighed  80^  or 
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the  sulphite  in.  powder  to  a  measuKiI  excess  of  ' fm  iodine  without 
dilution  with  water,  and  when  the  decomposition  is  complete,  titrating 
heck  with  ^I\d  thiosulphate.  Very  concentrated  solutions  of  SOj  are 
cooled  by  a  freezing  mixture,  and  enclosed  in  tliiii  bulbs,  which  can  be 
broken  under  the  iodine  solution  :  this  is,  however,  not  required  with 
the  ordinary  preparations,  Sulphites  and  bisulphites  of  Uie  alkalies 
and  alkaline  earths,  also  zinc  and  aluminium,  may  all  be  titrated  in 
this  way  with  accuracy ;  the  less  soluble  salts,  of  course,  requiring 
more  time  and  citation  to  ensure  their  decomposition.  A  preliminary 
titration  is  first  made  with  a  considerable  excess  of  iodine,  and  a 
second  with  a  more  moderate  excess  as  indicated  by  the  first  trial. 
1  c.c.  "/lo  iodine -0'0032  gm.  SOj. 

The  authors  found  that  when  |>erfeclly  pure  iodine  and  neutral 
jwtassium  iodide  were  used  for  the  standard  solution,  its  strength 
remained  intact  for  a  long  period ;  and  the  same  with  the  tbiosulphate, 
if  the  addition  of  about  2  fpn.  of  potassium  l)icarbonate  to  the  liter  was 
made,  and  the  stock  solution  kept  in  the  dark. 

'    From  a  lai^e  number  of  exj)eriments,  they  also  deduced  the  simple  - 
law  of  the  ratio  between  any  given  percentage  of  SOj  in  aqueous 
solution  at  15'4°  and  760  m.m.,  and  its  sjiecilic  gravity ;  namely,  the 
percentage  found  by  titration  multiplied  by  0'005  and  added  to  unity 
gives  the  sp,  gr. 

In  cases  where  the  iodine  method  may  not  be  suitable,  W.  B. 
Giles  recommends  the  use  of  a  standard  ammoniacal  silver  nitrate. 
This  process  ia  applicable  alike  to  SOj,  sulphites  and  bisulphites. 
The  silver  solution  may  conveniently  be  of  '^/,o  strength,  but  before 
use  ammonia  is  added  in  sufficient  quantity,  first  to  produce  a 
precipitate  of  silver  oxide,  then  to  dissolve  it  to  a  clear  solution.  A 
known  excess  of  this  solution  is  digested  in  a  closed  bottle,  with  the 
substance,  in  a  water-batli  for  some  hours,  th<;  result  of  whicb  is  the 
reduction  of  the  silver  as  a  bright  mirror  on  the  sides  of  the  vessel. 
The  filtered  liquid  and  washings  may  tlien  be  titrated  by  thiocyanate 
for  the  excess  of  silver,  or  the  mirror  together  with  any  collected  on 
the  filter  after  washing  and  burning  to  aeh  may  be  dissolved  in  nitric 
acid  and  estimated  by  the  same  process  (§43).  1  c.c.  ™/io 
silver  =  0-0032  gm.  of  SO^. 

fixAUPLE:  0'lS74gm.  of  cbemitnlly  pure  polassium  metasultihitewaa  weirited 
out  and  treated  as  above  described,  the  mirror  of  silver  and  a  little  ou  the  filter 
estimsted  gave  0'1918  ^ra.  of  metallic  silver,  which  multiplied  by  Ihe  factor 
1028  givea  019717  ot  inetHsulphite  or  99  0  "l^. 

This  method  is  very  useful  in  determining  the  percentage  of  the  SOj 
in  liquefied  sulphurous  acid,  which  is  now  found  in  large  quantities  in 
commerce.  By  cooling  down  this  substance  to  a  ])oint  where  it  lias  no 
tension,  small  bulbs  can  be  filled  with  facility  and  sealed  up.  After 
weighing  tbey  are  introduced  into  a  iffe/f-stoppered  bottle  containing 
an  excess  of  the  ammoniacal  silver,  and  the  stop])er  firmly  secured  by 
a  clamp.  By  shaking  the  bottle  vigorously  the  bulb  is  broken,  and 
tlie  estimation  is  then  conducted  as  above  descrilxtd. 

AgjON./>5  +  SOj  +  xNH,  =  Agj  +  SO,  +  N^Oj  +  xXH^. 
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e.    Estimation  of  Mixtures  of  Alkaline  Sulpbides, 
Sulphites,  Thiosolpliates,  and  Sulphates, 

The  estimation  of  the  ahove-mentioned  substances  when  exietii^ 
together  in  any  given  solution  presents  great  difficulty.  Richardson 
and  Aykroyd  {J.  S.  C.  I.  xv.  171)  have,  however,  published  a  method 
which  seema  to  give  fairly  accurate  results. 

The  estimation  of  the  80^  in  such  a  mixture  cannot  be  done 
volumetrically,  hut  by  the  addition  of  about  5  gm.  of  tartaric  acid  to 
such  a  quantity  of  solution  of  mixed  thioeulpliate,  sulphate,  and 
sulphite  as  would  be  usually  taken  for  analysis,  the  SO,  niay  be 
precipitated  with  barium  chloride  in  the  cold.  The  precipitate  of 
BaSO,  contains  some  barium  sulphite,  but  this  is  eaeHy'  removed  by 
hot  dilute  HCl  and  boiling  water.  The  thiosulphate  produces  no  SOg 
whatever  under  these  circumstances,  whereas  in  the  presence  of  a 
mineral  acid,  sulphate  is  always  produced. 

The  sulphides  are  estimated  by  standard  ammoniacal  zinc  solution, 
which  may  conveniently  be  of  such  strength  that  1  c.c.  =00016  of  S, 
using  nickel  sulphate  solution  as  an  external  indicator. 

This  zinc  solution  is  easily  made  from  pure  metallic  zinc  dissolved 
in  HCl,  and  the  precipitate  which  is  formed  by  adding  ammonia,  ia 
brought  into  clear  solution  by  a  moderate  excess  of  the  same  re-agent. 

The  zinc  solution  is  also  used  for  removing  sulphides  from  a  mixture 
of  these  with  thioaulphates,  sulphites,  and  sulphates  prior  to  the 
estimation  of  the  latter  bodies.  In  this  case  it  is  only  necessary  to 
add  a  slight  excess  of  the  zinc  solution,  and  filter  off  the  precipitated 
sulpliide. 

The  authors  of  this  method  after  pointing  out  the  value  of 
Giles  and  Shearer's  method  of  estimating  sulphites  by  iodine 
just  described,  mention  a  method  devised  by  themselves,  which 
enables  them  to  estimate  not  only  sulphites  but  free  80^,  not  only 
ill  a  pure  state  but  in  mixtures  with  sulphates,  thiosulphatea,  and 
sulphides.  They  avail  themselves  of  the  well-known  reaction,  tliat 
when  iodine  is  added  to  a  neutral  sulphite,  neutral  sulphate  and  an 
equivalent  amount  of  hydriodic  acid  are  formed 

Na280,  +  Ij  +  HjO  =  NajSOj  +  2HI, 
and   the  acidity  of    the   solution   may  be  accurately  measured   by 
standard  alkali  and  methyl  orange. 

The  authors  state  that  the  beat  plan  is  to  convert  all  sulphites  to 
bisulphites,  i.e.,  to  the  hydrogen  sulphite  of  the  base  :  this  is  necessary 
because  a  sulphite  may  be  alkaline,  or  it  may  he  exclusively  acid. 
Sodium  bisidphite  is  quite  neutral  to  methyl  orange,  and  by  titrating 
the  solution  of  a  neutral  sulphite  with  /lo  sulphuric  acid,  using 
methyl  orange,  a  point  occurs  when  all  the  sulphite  is  converted  into 
the  acid  sulphite.  The  reason  for  this  is  patent  when  the  reaction 
which  takes  place  when  an  acid  sulphite  acts  upon  iodine  is 
considered — 

NaH.S(  t,  +  t)Hj  +  Ij  =  NaH.SO,  +  2HI. 
Here  is  a  new  factor,  inasmuch  as  the  titration  with  alkali  and  with 
methyl  orange  aa  indicator  is  concerned ;  although  the  acid  sodium 
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sulphite  is  neutral  to  methyl  orange,  the  acid  sodium  sulphate  is  acid 
to  the  full  and  exact  extent  of  its  combining  power. 

Thus  oae  molecule  of  sodium  bisulphite,  on  titration  with  */io 
iodine,  liberates  acid  equivalent  to  three  molecules  of  sodium  ot 
potassium  hydrate. 

BziHFLB :  A  solutioQ  oonbdnlug  l'S2  per  oent,  of  Na^0i,7Aq  wm  titiBted. 
Iodine  solntioQ  equirtleDt  to  9*6  o.o.  I'/io  I;  209  cc  were  required;  the 
mixture  required  14-0  o.c,  of  w/io  NaHO.  Now  9-6  o.c.  ^jio  I  and  1*6  o.o. 
>/iO  NaHO  are  in  the  ratio  of  2  :  3  almost  exactly;  br  using  00126  as  the 
factor  for  the  o.c.  ot  ^/lo  I  and  0-084  for  the  »/io  NaHO.  both  results  give  1-64 
per  cent,  of  Na^O^.TAq.  (Of  course  Uie  sulphite  solutioa  had  been  previouilj 
titrated  with  "^/lo  H^O,  iu  the  preaeoce  of  methjl  orange.) 

As  the  details  of  calculatiou  may  be  somewhat  obscure  to  those  who  have  not  - 
experimented  in  this  direction,  the  working  out  ot  an  actual  analjsia  ii  of 
intereiit.  A  solution  oonlaining  1  per  oent.  Of  pure  sodium  thiosulphste,  and  0-78 
per  cent,  of  sodium  sulphite,  was  titrated  upon  BO  o.c.  of  iodine ;  10-3  co.  were 
required  to  deoolorize ;  to  neutralize  with  methjl  orange  as  indicator  17'9  cc.  of 
^flO  soda  were  required;  therefore  100  cc.  of  the  mixture  required  103-6  c.e, 
iodine  and  927  cc.  of  ^/lo  «oda  respectively;  the  cc.  ot  sodaxO'OOS*  give 
0-7787  as  the  peroentage  of  NaiS0,.7Aq,  and  this  figure 4-0'0126  (the  factor  for 
1  CO.  iodine  in  Ha^Oj.TAq)  gives  61-8  cc,  and  this  subtracted  from  103'6  co. 
of  tflt»l  iodine  required  gives  41-8  cc,  and  this  k  0'0248  gives  1'036  instead  of 
1  per  cent,  of  N&]8,0,.6Aq. 

The  advantage  of  this  method  is  better  seen  in  the  case  of 
a  complex  mixture,  where  one  must  remove  sulphides  or  other  bodies 
by  the  addition  of  an  alkaline  solution  of  zinc  or  other  precipitating 
agent.  The  alkaline  filtrate  is  speedily  brought  into  a  suitable 
condition  for  iodimetric  and  alkalimetric  titration  by  the  method 
proposed. 

SxiHPLB ;  A  solution  of  known  amounts  of  sodium  thiosulpluite  and  sulphite 
was  treated  with  10  o.c  of  a  strongly  ammoniaca!  zinc-chloride  solution,  and  the 
mixture  was  titrated  with  it  until  it  gave  a  neutral  reaction  with  methjl  orange ; 
it  was  now  made  to  1000  co,,  and  was  titrated  upon  a  known  volume  of  '•/lo 
iodine,  using  starch  t«  And  ths  end-reaction  (which  is  otherwise  somewbiit 
obscured  bj  the  methjl  orange).  The  disappearance  of  the  blue  oolour  and  the 
appearance  of  tbe  pinkish-purple  of  the  acidified  methyl  orange  is  both  interesting- 
and  striking.  Titration  with  ^/ip  NaHO  was  now  easily  accomplished.  The 
results  were  exact  in  tbe  case  ot  thioaulphate,  and  very  slightlj  iu  excess  in  the 
case  ot  sulphite. 

After  the  sulphite  and  thiosulphate  solution  has  been  titrated  upon 
a  known  volume  of  "/lo  iodine,  the  aulpliate  formed  is  estimated  by 
barium  at  a  boiling  heat  in  the  presence  of  a  little  dilute  HCl.  Any 
sulphate  in  the  original  solution  is,  of  course,  estimated  by  tbe  tartaric 
acid  method  and  deducted  from  the  result.  Ammonium  tartrate  must 
be  avoided  in  the  process,  owing  to  its  solvent  action  on  barium 
sulphate. 

On  page  79  this  method  is  alluded  to  as  modified.  What  is  meant 
is  that  the  process  is  only  strictly  applicable  in  the  absence  of  organic 
matter.  WTien  that  is  present  it  is  preferable  to  use  the  iodine 
process  as  follows : — 
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hjdraoblorio  Mid  and  bringing   bu>k   witli  ^/lo  thiosulplutto.     This  gives 
A  -  H]8  -t-  H^O,  +  H^,0]  Mjountel;  without  loss. 

(2)  lodina  value  of  H^.— Add  eioaas  of  smmoniao*!  iIqc  chloride,  filter, 
WKsh  ;  wub  ZaS  into  ''/lo  iodine  and  h/droohlorio  acid  (as  described  an 
page  78).  This  gives  B-O^  ucarately.  lliea  A-B  giTes  A^O,>H^,0, 
acounil«lj'. 

(3)  lodiin  xal*t  of  H,SjO,.^To  flltnite  from  B  add  acid  to  exactly 
neutralize  irith  methyl  otaoge  indicator. 

Then  titrate  with  io^ne  and  starch  C  =  H^,0,  +  H,SO,  i*  jUer<i<< 

Then  with  '^ha  Mkali  ■  „  }  alkali  »/io  D=  HiSOj 

The  )  "/lo  alkali  used— iodine  equivalent  of  H^O,  i»  tla  fiUrati  (not  in  the 
original  solution,  as  oxidation  oooura  in  Bltration)  aocurately. 
And  €-0=11,8,0,  aocuiately. 

(4)  Iodine  ntla«  of  H,SOy — Got  by  difference 

H^O,  4-HA0,=  A-B  accutately 

H,8,0,=.C-D 
H,SO,  A-B-(C-D)       „ 

The  procedure,  so  modified,  is  to  obtain  the  sulphurous  acid  by 
difference  ia  place  of  directly.  Thiosulphate  suffers  'no  appreciable 
oxidation  on  filtration  ;  sulphite  does.  Hence  by  determining  thio- 
Bulphate  and  sulphide  accurately  sulphite  ie  got  by  difference 
accurately.  This  difference  figure  is  always  rather  higher  than  the  one 
deduced  acidi metrically  (D,  above.) 

Another  series  of  processes  for  ascertaining  the  proportions  of 
mixtures  of  sulphuretted  hydrogen,  sulphurous  and  thiosulphuric  acids,' 
have  been  worked  out  by  W.  Feld  {Die.  Ch^m.  Ind.  1898,  372).  The 
methods  described  are  applicable  to  the  alkali  or  alkaline  earth  salts 
of  the  above  acids,  even  when  present  in  small  quantities. 

(1)  Sulphides, — Alkali  or  alkaline  earth  sulphides  evolve  the  whole  of  their 
sulphur  as  ^S  when  boiled  with  a  oonoentrated  solution  of  augaeeium  chloride 
in  an  atmosphere  of  CO|.  The  powdered  and  moistened  sample  is  placed  in  a 
300  0.0.  Erlenmeyer  Bask  provided  with  a  doubly-bored  rubber  stopper. 
Through  one  hole  a  small  tap-funnel  passes  to  the  bottom  of  the  flaak,  through 
the  other  a  glass  tube  leads  to  four  sets  of  potash-bulbs  in  series.  The  last  of 
these  19  connected  to  a  10-liter  bottle  acting  as  aspirator.  The  neck  of  the  tap- 
tunnel  is  connooted  to  a  supply  of  CO,,  which  muat  have  no  action  on  a  solution 
of  iodine.  The  first  set  of  potash-butbs  is  empty,  the  second  and  third  contain 
rather  more  iodine  solution  thau  will  suffice  to  absorb  all  the  H,S  evolved,  the 
fourth  oontaina  "/lo  thiosulphate  solution,  te  lake  up  any  iodine  carried  over  by 
the  CO,.  About  1  liter  of  COj  is  first  pa'tsed,  in  order  to  displace  the  air  in  the 
apparatus,  the  tap  of  the  funnel  is  then  closed,  and  about  30  c.c.  of  25  per  cent. 
magaesium  oblonde  solution  introduced.  Connection  is  now  made  to  the  supply 
of  CO],  and  the  magnesium  chloride  solution  run  into  the  flask,  the  contonls  of 
whioh  are  slowly  heated  to  boiling  In  a  current  of  CO,  passing  at  the  rate  of 
10  liters  in  three-quarters  of  an  hoiir.  The  operation  is  usually  ended  when 
6  liters  have  passed.  The  contents  of  the  potash-bulbs  are  finally  washed  out  and 
titrated;  the  reactions  are — 

BaS  +  MgCl,tCO,+  H,0=BaCl,  +  MgCO,+H,S,and  H,S  +  ai-2HI+8, 
Test  analyses  with  BaSH.OH  +  5H,0  gave  good  resulU. 

(2)  BCLPHITE8  are  determined  in  the  same  apparatu.'  and  in  the  same  way, 
bydrocblorio  acid  taking  the  place  of  magnesium  chloride. 

-    (3)     Thiosulphitbs  evolve  some  H,S  when  treated  with  hydrochloric  acid. 
The   following    method    is   found,   however,  to    give   accurate   results:— The 
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thio«ulphate  ie  Sist  cxinverted  (b;  titration  witb  iodine  solution)  into 
tetrsthion&tc.  Tlie  Eolution  of  the  tetrathionate,  diluted  with  10  o.c.  of  mter,  ii 
placed  in  Ibe  Bi^k  with  excws  of  aluminium  Toil,  and  treated,  in  an  attoocphere 
of  CO,,  with  dilute  hydrochloric  acid  in  the  cold.  The  reduction  to  HfS,  which 
is  collected  as  before,  lakea  place  quantitatiielj  according  to  the  equation — 
Na^,0,-<- 20HC1  +  6Al''2NaCl  +  SAl^l, -t- eE,0  +  4H,S. 

(4)  THiosrLPHATE  IH  PBBBBHCE  OF  SuLPBiTG.— This  determination  ia 
made  by  method  (8).  The  titratiou  with  iodine  oiidizee  the  lulpfaite  into 
Bulphate,  which  ia  not  aflected  by  nascent  hydrogen. 

(5)  SiTLPBTTB  IH  PRESENi-K  OF  THlOSrLPHATE. — Excess  of  mercuric  chloHde 
is  added  to  the  substance  ;  the  thioeulphato  is  thus  converted  into  mercurio 
(ulpfaide — 

NaAO,+  HgCl,  +  H,0  =  Na^O,  +  HgS  +  2nCl, 
whilst  the  sulphite  is  not  affected  and  is  determined  by  (2). 

(6)  SrLPHiDB,  Sulphite,  and  THioBi'LPRiTB.'^Tbenmplei»Snit  distilled 
with  iiuf^e«ium  chloride,  aa  described  in  (I).  This  girea  the  sulphide.  The 
potash-bulbs  are  then  refilled,  excess  of  mercuric  chloride  added  to  the  cold 
couteots  of  the  flasli,  which  are  then  distilled  with  hydrochloric  acid  as  described 
under  (2).  This  gives  the  sulphite.  The  thioeulphate  is  determined  in  a  freah 
sample  by  titratioK  with  iodine,  by  which  the  sulphide  is  oxidized  to  sulphur  and 
the  eulphite  to  sulphate,  and  then  reducing  by  nascent  hydrogen  as  described 
under  (3), 

When,  in  addition  to  the  alkali  or  alkaline  earth  salts  of  the  acids  coDsidered, 
the  substajice  contains  poly  sulphide*,  free  sulphur,  and  sulphidea  of  the  besTj 
metals,  the  difficulties  are  much  greater,  and  the  author  is  working  tor  further 
information.  In  the  meantime  he  has  obtained  satisfactory  results  as  follows: — 
Free  sulphur  is  extracted  by  carbon  bisulphide,  and  weighed  after  evaporation  of 
the  solTent.  The  sulphur  present  as  sulphide  is  then  determined  by  method  (1). 
In  this  operation  the  sulphur  of  the  poly  sulphides  is  evolved  partly  as  HjS,  the 
remainder  sepamting  in  the  free  state.  The  latter  urt  is  extracted  by  carbon 
bisulphide.  If  a  sulphite  is  present,  however,  some  thiosulphate  is  formed.  The 
solution  is  now  titruted  with  iodine,  during  which  operation  the  sulphur  present 
as  ferrous  sulphide  separates  in  the  free  state  and  is  extracted  vrith  carbon 
bisulphide.  The  solution  is  now  treated  by  method  (3)  to  determine  the 
thiosulpfaate.  The  presence  of  other  polythionic  acids  introduces  an  error  here. 
Iq  solid  substances  sulphites  may  occur  in  presence  of  polysulpbides ;  in  this 
case  they  are  determined  by  treatment  with  mercuric  chloride  and  distillation 
with  hyarocbloric  acid,  according  to  method  (2), 

Lunge  aud  Smitli's  nietlicxlH  for  the  eame  purpose  are  described 
in  J.  S.  C.  I.  ii.  463,  and  also  in  the  fifth  edition  of  this  book. 

STTIiFHtritZG  ACID  AlTD  SUZiPHATES. 

Monohydrated  Sulphuric  Aoid. 

HjSO^  =  98. 

Sulphurlo  Anhydride. 


1.    Hohr>8  Method. 

g  77.     In  my  opinion  the  estimation  of   sidphnric  acid  in  most 

cases  IB  more  eaeily  obtained  by  weiglit  tlian  by  volumetric  methods, 

"  but  there  are  circumstances  in    which   the  latter  are  tiseful.      The 

indirect  process  devised  by  C.  Mohr  (Ann.  der  Chan.  u.  Pharm  xc, 

165)  consists  in  adding  a  knoivn  volume  of  barium  solution  to  the 


.oo^^ie 


§  77.  SULPHURIC   ACID  AND  SULPHATES.  331 

compouncl,  more  than  sufficient  to  precipitate  the  SO,.  Ttie  excess  of 
barium  is  converted  into  carbonate,  and  titrated  with  normal  acid  and 
alkali. 

Normal  barium  chloride  is  made  by  dissolving  121-77  gm.  of  pure 
crystals  of  chloride  in  the  liter ;  this  solution  likewise  suffices  for  the 
determination  of  SO,  by  the  direct  method. 

Hethod  oy  FiiocEDnRK :  If  Ibe  aubstance  contains  a  coDBidenUe  quontitr 
at  (r«e  acid,  it  must  be  brouslit  near  to  neutrality  bj  pure  wxlium  carbonate ;  if 
alkaline,  slightly  Hcidified  with  hydrochloric  acid ;  a  round  number  of  o.c.  of 
barium  solution  in  excess  is  then  added,  and  the  whole  digested  in  a  warm  place 
for  some  minutes :  the  eicesB  of  barium  is  precipitated  b;  a  mixture  of  carbonate 
and  caustic  ammonia  in  iilight  eicexs ;  if  a  piece  of  litmus  paper  be  thrown  int« 
the  mixture,  a  f^reat  excess  may  readily  be  avoided.  The  precipitate  containing 
both  sulphate  and  carbonate  is  now  to  be  collected  on  a  filter,  thoroughly  washed 
wit^  boiling  water,  and  titrated. 

The  diiference  between  the  number  of  c.c,  of  barium  solution 
added,  and  that  of  nonnal  acid  required  for  the  carbonate,  wUl  he  the 
measure  of  the  sulphuric  acid  present ;  each  c.c.  of  barium  solution 
is  equal  0'040  gm.  SOg. 


For  technical  purposes  this  process  may  be  considerably  shortened 
by  the  following  moditication,  which  dispenses  with  the  washing  of 
the  precipitate. 


carbonate  in  excess  of  the  barium  chloride,  and  the  volume  of  both  Kdutions 
noted ;  the  liquid  is  then  made  up  to  WO  or  300  c.c.  in  n  flask,  and  an  aliquot 

CrtioD  Altered  off  and  titrated  with  normal  acid.      The  difference  between  the 
rium  chloride  and  sodium  carbonate  i^ves  the  sulphuric  acid. 

The  solution  must  of  course  contain  no  substance  precipitable  by 
sodium  carbonate  except  barium  (or  if  so,  it  must  be  previously 
removed) ;  nor  must  it  contain  any  substance  precipitable  by  barium, 
such  as  phosphoric  or  oxalic  acid,  etc. 

3.    Titration  by  Barium  Chloride  and  Fotaaslum 
Chromate  (Wildenstein). 

To  the  hot  solution  containing  the  SO,  to  be  estimated  (which 
must  he  neutral,  or  if  acid,  neutralized  with  ammonia,  free  from 
carbonate),  a  standard  solution  of  barium  cliloride  is  added  in  slight 
excess,  then  a  solution  of  potassium  chromate  of  known  strength  is 
cautiously  added  to  precipitate  the  excess  of  Iiarium.  So  long  as  any 
barium  remains  in  excess,  the  supernatant  liqui<l  is  colourless ;  when 
it  is  all  precipitated  the  liquid  is  yellow,  from  the  free  chromate ; 
a  few  drops  only  of  the  chromate  solution  are  necessary  to  produce 
a  distinct  colour. 

Wildenstein  uses  a  barium  solution,  of  which  1  c.c.  =  0015  gm. 
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SO3,  and  chromate  1  cc.=0-010  gm.  of  SOj.  I  prefer  to  use  "*/, 
aolutione,  bo  that  1  c.c.  of  each  is  equal  to  002  gm.  of  80,.  If  the 
chromate  solution  is  made  equal  to  the  barium  chloride,  the  opeistor 
has  simply  to  deduct  the  one  from  the  other,  in  order  to  obtain  the 
quantity  of  barium  solution  really  required  to  precipitate  all  the  SOj. 

Method  of  Pbocbdubb;  The  sutwUnoe  or  solution  cantaining  SO,  is 
brougbt  into  a  Email  fluk,  diluted  Ut  about  60  c.c,  acidiQed  if  necessary  with 
HCl,  heated  to  boiling,  and  precipitated  with  a  slight  exoeaa  of  stftudud  Wium 
chloride  delivered  from  the  burette.  At  the  precipitate  rapidlj  settles  from  a 
boiling  solution,  it  is  easy  to  avoid  anj  great  excess  of  barium,  which  would 
prevent  the  liquid  from  clearing  so  epeedily.  The  mixture  is  then  cautiously 
DPutralised  with  ammonia  free  from  carbomc  acid  (to  be  oertAin  of  this,  it  is 
well  to  add  to  it  two  or  three  drops  of  calcium  chloride  or  acetate  solution). 

The  flatk  ie  then  healed  to  boiling,  and  the  cbromate  solution  added  in  t  c.c. 
or  BO,  each  time  removing  the  Sask  from  the  heat  and  allowing  to  settle  until  the 
liquid  is  of  a  light  yellow  colour;  the  quantity  of  chromate  is  then  deducted 
from  the  barium  solution,  and  the  remainder  calculated  for  SO,. 

Or  the  mixture  with  barium  in  eicese  may  be  diluted  to  100  or  160  CO.,  the 

Eredpitate  allowed  to  settle  thoroughly,  aad  26  or  50  c.c.  of  the  cle«r  liquid 
eated  to  boiling,  after  neutraltiing,  and  precipitated  with  chromate  until  all  the 
barium  is  carried  down  as  chromate,  leaving  the  lii^uld  of  a  light  yellow  colour; 
the  analysis  ebould  be  checked  by  a  second  titration.  The  process  has  yielded 
me  very  satiBfactciy  results  in  comparison  with  the  barium  method  by  weight ; 
it  is  peculiarly  adapted  tor  estimating  sulphur  in  gas  when  buml  in  the 
Letheby  sulphur  apparatus,  details  of  which  will  be  found  in  §  76.  2. 

The  presence  of  alkaline  and  earthy  salts  is  of  no  consequence — 
Za  and  Cd  do  not  interfere— Ni,  Co,  and  Cu  give  coloured  solutions 
which  prevent  the  yellow  chromate  l>eing  seen,  but  this  difficulty  can 
be  overcome  by  the  use  of  an  external  indicator  for  the  excess  of 
chromate.  This  indicator  is  an  amraoniacal  lead  solution,  made  by 
mixing  together,  at  the  time  required,  one  volume  of  pure  ammonia 
and  four  volumes  of  lead  acetate  solution  (1  :  30),  The  liquid  has 
«n  opalescent  appearance.  To  use  the  indicator,  a  large  drop  is  spread 
upon  a  white  porcelain  plate,  and  one  or  two  drops  of  the  liquid 
imder  titration  added ;  if  the  reddish-yellow  colour  of  lead  chromate 
is  produced,  there  is  an  excess  of  chromate,  which  can  be  cautiously 
reduced  by  adding  more  barium  until  the  exact  balance  occurs. 

A  variation  of  the  chromate  method  has  been  devised  by 
Andrews  (Amer.  Chein.  Jour.  1880,  667),  which  is  especially  service- 
able for  determining  the  combined  SO,  in  alkaline  salts.  The 
method  is  strongly  recommended  by  Renter  {Chem.  Zeit.  1898,  3B7) 
as  simple  and  easy  of  execution. 

Method  of  Proceoubb  :  3  or  4  gm.  of  pure  precipitated  barium  chromate 
are  dissolved  in  30  c.c,  of  strong  hydrochloric  acid,  ana  the  whole  is  diluted  to 
1  liter.  The  liquid  to  be  leiited,  which  should  contain  about  0*07  gm.  of  SOj  as 
an  alkali  sulphate,  is  mixed  at  the  boiling  point  with  an  excete  (160  c.c.}  of  the 
cbromat«  solution  ;  the  acid  is  neutralized  with  pure  powdered  chalk,  and  the 
precipitate  is  removed  by  filtration.  After  thorough  cooling,  the  filtrate  is 
scidifled  with  6  c.c.  {not  more)  of  strong  UC),  20  c.c.  of  a  10  per  cent,  solution 
of  potassium  iodide  are  added,  and  the  liquid  is  allowed  to  rest  for  five  minutes 
in  a  covered  beaker  and  in  an  atmosphere  of  carbonic  acid  (to  prevent  oxidation 
of  the  HI)  until  the  chromic  acid  is  entirely  reduced.  Finally,  It  is  diluted  to 
1  or  1}  lit«r,  and  titrated  quickly  with  tbioaulphate ;  three  atoms  of  iodine 
corresponding  to  I  molecule  of  SOj. 
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'  3.    Direct  Preolpitatioii  with  ITormttl  Barium  Chloride. 

Very  good  reaulU  may  be  obtained  by  this  method  when  carefuUy 
performed. 

Hbtbod  of  Pbocescbb  :  Tbe  sabsUnce  in  solutioo  ia  to  be  scidified  nitb 
hjdroohloric  Mud,  hekted  to  boiling,  «jid  tbe  bsrium  eolutioQ  Allowed  to  flow 
MutioQily  in  from  the  burette  until  no  further  preoipitatioa  ooouis.  The  end 
of  the  proeeM  can  onlj  be  determined  b;  filtering  a  portion  of  the  liquid,  and 
testiug  with  a  drop  of  the  barium  solution.  Besile's  filter  (shown  in  Sg.  33)  is 
a  good  aid  in  this  case.  A  few  drops  of  clear  liquid  are  poured  into  a  t£st  tnbe, 
and  a  drop  of  barium  solution  added  from  tbe  burette  ;  if  a  oloudinem  oooun, 
the  ooutenbi  of  the  tubes  must  be  emptied  back  again,  ns^ed  out  into  the  liquid, 
and  more  barium  solution  added  until  all  tbe  SOg  ia  precipitated.  It  ia  advisable 
to  use  "/lo  solution  towards  the  eud  of  the  process. 

Instead  of  the  test  tube  for  finding  whether  barium  or  sulphuric 
acid  is  in  excess,  a  plate  of  block  glass  may  be  used,  on  which  a  drop 
of  the  clear  solution  ia  placed  and  tested  by  either  a  drop  of  barium 
chloride  or  sodium  sulphate,— these  testing  solutions  are  preferably 
kept  in  two  small  bottles  with  elongated  stoppers.  A  Btill'better 
plan  is  to  spot  the  liquids  on  a  small  mirror,  as  su^^eated  by 
Haddock  (C.  N.  xxxix.  156);  the  faintest  reaction  can  then  be 
seen,  although  the  liquid  may  be  highly  coloured. 

Wildenstein  has  arranged  another  method  for 
direct  precipitation,  especially  useful  where  a  constant 
series  of  estimations  have  to  be  made.  The  apparatus 
ia  shown  in  fig.  55.  A  is  a  bottle  of  900  or  1000  c.c; 
capacity,  with  the  bottom  removed,  and  made  of 
well-annealed  glass  so  as  to  stand  heating ;  B  a  thistle 
funnel,  bent  round,  as  in  the  figure,  tuid  this  syphon 
filter  is  put  into  action  by  opening  the  pinch-cock 
below  the  cork,  The  mouth  of  the  .  funnel  is  first 
tied  over  with  a  piece  of  fine  cotton  cloth,  then 
two  thicknesses  of  Swedish  filter-paper,  and  again 
■Ri     KK  with  a  piece  of  cotton  cloth,  the  whole  being  securely 

*'  '  tied  with  waxed  thread. 
In  precipitating  SO,,  by  barium  chloride,  there  occurs  a  point 
similar  to  the  so-called  neutral  point  in  silver  assay,  when  in  one  and 
the  same  solution  both  barium  and  sulphuric  acid  after  a  minute  or 
two  produce  a  cloudiness.  Owing  to  this  circumstance,  the  barium 
solution  must  not  be  reckoned  exactly  by  its  amount  of  BaCl^,  but 
by  its  working  effect ;  that  is  to  say,  the  process  must  be  considered 
ended  when  the  addition  of  a  drop  or  two  of  barium  solution  gives. 
no  cloudiness  after  the  lapse  of  two  minutes.  - 

Method  of  Pbocbdube  ;  Tbe  solution  containing  the  80]  being  prepared, 
Mid  prefeiablj  in  HCl,  the  vessel  A  is  filled  with  warm  distilled  water  and  the 
pinch-cock  opened  so  as  to  fill  the  SIter  to  the  bend  C ;  the  cock  is  then  opened 
and  shut  a  few  times  so  as  to  bring  the  water  furUier  down  into  the  tube,  but 
not  to  fill  it  entirely  ;  the  water  is  then  emptied  out  of  A,  and  about  400  c.c.  of 
boiled  distilled  water  poured  in  together  with  the  SO,  solution,  then,  if 
nec^sary,  a  small  quantity  of  HCl  added,  and  the  barium  chloride  added  in 
moderate  qoaatity  from  a  burette.  After  mixing  well,  and  waiting  a  few 
minutes  a  porlioQ  is  drawn  off  into  a  small  besker,  and  poured  bock  without  los» 
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into  A ;  a  Niull  qiuntity  is  then  drawn  off  into  a  test  tube,  and  two  drops  of 
Ijarium  chloride  added.  So  long  as  a  precipitate  ocouib.  the  liquid  is  returned 
to  A,  aad  more  tHriiun  added  until  a  test  is  taken  which  ihom  no  distinct 
olouditieaB;  the  few  drops  added  to  produce  this  effect  are  deducted.  Ifadistinot 
exoesB  has  been  used,  the  analTsii  most  be  corrected  with  a  solution  of  S0| 
oorrespoDding  in  strength  to  the  barium  solution. 

A  simpler  and  even  more  serviceable  arrangement  of  apparatus 
on  the  above  plan  may  be  made,  by  using  as  the  boiling  and 
precipitating  vessel  an  oidinaiy  beaker  standing  on  wire  gauze  or  a  hot 
plate.  The  filter  is  made  by  taking  a  small  thistle  funnel,  tied  over 
OS  described,  with  about  two  inches  of  its  tube,  over  which  is  tightly 
slipped  about  four  or  five  inches  of  elastic  tubing,  terminating  with 
a  short  piece  of  glass  tube  drawn  out  to  a  small  orifice  like  a  pipette  ; 
a  small  pinch-cock  is  placed  across  the  clastic  tube  just  above  the 
pipette  end,  so  that  when  hung  over  the  edge  of  the  beaker  with  the 
funnel  below  the  surface  of  the  liquid,  the  apparatus  will  act  as 
a  syphon.  It  may  readily  be  filled  with  warm  distilled  water  by 
gentle  Auction,  then  transferred  to  the  liquid  under  titration.  By  ite 
means  much  smaller  and  more  concentrated  liquids  may  be  used  for 
the  analysis,  and  consequently  a  more  distinct  evidence  of  the  reaction 
obtained. 

Fersulphatea. — The  alkaline  pereulphates  may  be  readily  titrated 
by  addii^  to  their  solution  a  known  excess  of  ferrous  salt  and 
estimating  the  amount  of  oxygen  absorbed,  by  titration  of  the  solution 
with  permanganate.  The  salt,  say  of  potassium  persulphate  decomposee 
OS  follows ; — ■ 

KjSjOg  =  K^O,  +  80j,+ Oy 

The  operation  requires  a  standard  permanganate,  whose  value  is 
known  upon  a  solution  of  ammonio-ferrous  sulphate,  containing 
about  30  gm.  per  liter.  The  method  adopted  by  Le  Blanc  and 
Eckardt  (C  N.  Ixxxi.  38),  is  to  dissolve  about  2-6  gm.  of  the 
persulphate  in  water  and  dilute  to  100  c.c.  10  c.c.  of  this  solution  are 
placed  in  a  flask  with  5  c.c.  of  dilute  sulphuric  acid  of  1'16  sp.  gr., 
and  a  considerable  excess  of  ferrous  solution,  say  100  c.c,  then  about 
100  c.c.  of  distilled  water  at  a  temperature  of  70°  to  80°  C.  are  added, 
and  a  rapid  titration  made  with  permanganate.  The  reaction  is  the 
more  rapid,  the  greater  the  excess  of  iron  solution  within  reason. 

The  standard  solutions  are  best  verified  upon  a  known  pure 
persulphate  in  order  to  ascertain  the  comparative  composition  of  any 
given  sample. 

Another  method  consists  in  decomposing  the  persulphate  by  means 
of  potassium  iodide,  and  titrating  the  iodine  separate  with 
thiosulphate  solution.  2  to  3  gm.  of  the  sample  are  dissolved  in 
100  c.c.  of  water,  and  10  c.c.  of  the  solution  are  treated  with  an 
excess  of  potassium  iodide  {0-25  to  0-50  gm.),  and  heated  for 
10  minutes  in  a  drying  oven  at  60°  to  80°  C.  The  iodine  is  then 
titrated  with  ^/iq  thioaulphate,  starch  being  added  towards  the  end 
of  the  titration.  In  this  case  the  efi'ects  of  the  process  are  best 
established  upon  a  known  pure  persulpliate. 
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B.  GrUtzner  (Chem.  Centr.  1900,  435)  has  discovered  that 
arsenious  acid  is  completely  oxidized  to  arsenic  acid  by  alkali 
persulphates  in  alkaline  sulution. 

In  applying  thia  reaction,  about  0*3  gm.  of  the  alkali  persulphate 
is  heated  gradually  to  boiling  with  50  c.c.  of  ^  jia  AsjOj  and  a  few 
c.c.  of  poUsh  or  adda-lye,  then  digested  for  a  short  time,  allowed  to 
cool,  the  liquid  made  faintly  acid  with  solphuric  acid,  then  strongly 
alkaline  with  sodium  bicarbonate,  and  the  excess  of  arsenious  acid 
titrated  back  with  ^/lo  iodine  solution. 

Marie  and  Bunel  {Bull.  Soc.  Chim.  xxix.  No.  18)  from  careful 
experiments  advocate  the  following  method  for  alkaline  persulphates  : — 

Dissolve  about  0'3  to  O'l  gm.  of  the  umple  in  100  co.  of  irat«r ;  neutralize  the     - 

BolutioD,  whicb  is  seoerallj  soid,  ia  the  presanoe  of  mathyl-oronge ;  tfaea  sdd 

2  O.C.  of  methylio  aloohal,  lietit  for  five  minul«e  to  70—80'',  aod  then  bail  for  ten 

minut«8,  cool,  sod  titrate  with  methyl  onoge  and  decinormal  soda. 

1  G.o.  of  deoiDormd  aodii  corresponds  to  0'0135  gm.  SO,K 

1  „  „  „  0-0119   „   SO,N*. 

1  „  „  „  fr0114   „    SO,Ain. 

The  use  of  methyl  alcohol  is  based  on  the  supposition  that 
a  peraulphate  transforms  a  portion  of  the  alcohol  into  aldehyde 
according  to  a  well  known  reaction.  The  results  obtained  by  them 
gave  very  satisfactory  results. 

8ULFHUBETTED  HYDBOaElT. 

Hj8  =  34. 

1  c.c.  */,o  arsenious  solution  =  000255  gm.  HjS. 

1.    By  AraeniouB  Acid  (Mohr). 

§  78.     Tqib  residual  process  is  for  preferable  to  the  direct  titration 

of  aulphuretted  hydrogen  by  iodine.     The  principle  ia  baaed  on  the 

fact,    that   when   H^S    is   brought   into   contact  with   an    escees  of 

arsenious  acid  in  hydrochloric  acid  solution,  arsenic  sulphide  is  formed; 

1  eq.  of  arsenious  acid  and  3  eq.  of  sulphuretted  hydrogen  produce 

1  eq.  of  arsenic  sulphide  and  3  eq.  of  water, 

ASjOj  +  3HjS  =  AsjS^  +  3HjO. 
The  excess  of  arsenious  acid  used  is  found  by  ^/i^  iodine  and  starch, 
as  in  §  40.     In  estimating  the  strength  of   sulphuretted  hydrogen 
water,  the  following  plan  may  be  pursued. 

MsruoD  OP  Pbocbdubb;  A  measured  quantity,  say  10  c.c.  of ''/loarMnious 
solution,  ia  put  into  a  300  o.c,  fli^k,  and  20  c.o.  of  nutpburetted  hydrogen  water 
added,  well  miisd,  and  sufficient  HCI  added  to  produce  a  distinct  acid  reaction  ; 
this  produces  a  precipitate  of  arsenic  sulphide,  and  tbe  liquid  itself  is  colourlev. 
The  whole  is  then  diluted  to  300  c.c,  filtered  through  a  dry  filter  into  a  dry 
vessel,  100  o.c.  of  the  flttrate  taken  out  and  neutralized  with  godiuiu  bioarbooate, 
then  titrated  with  w/io  iodine  and  starch.  The  quantity  of  arsenious  aoid  so 
found  is  deducted  from  the  original  10  cc,  and  the  reminder  multiplied  by  the 
requisite  factor  for  H^. 

The  estimation  of  HjS  contained  in  coal  gas,  may  by  this  method 
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be  made  vety  accurately  by  leading  tba  gae.  very  slowly  through  the 
areeuious  solution,  or  still  better,  through  a  dilute  solutjon  of  caustic 
alkali,  then  adding  areeniouB  solution,  and  titrating  as  before  described. 
The  apparatus  devised  by  Alohr  for  this  purpose  ia  arranged  as 
followB ; — 

The  giB  from  a  connuoa  burner  ie  kd  by  tntMOf  ol  a  lulciuized  tube  into  liro 
succewive  Ftnall  w&Eh- bottles,  conisiuing  I  be  slktiliiie  Eolution;  from  the  Iwt  of 
tiieee  it  is  led  into  a  large  ft' ou  If  f's  bottle  filled  wilh  water.  1  he  bottle  hiB 
two  necks,  and  a  tap  at  tbe  bottom ;  one  of  the  necks  contaiDs  tbe  cork  through 
which  the  tube  cariTing  the  gas  is  •pauei  ;  the  other,  a  cork  through  nhich  a 
good'Sized  funnel  witli  a  tube  reaching  to  the  boltom  of  the  bottle  is  pasced. 
When  tbe  gu  begins  to  bubble  through  the  flatk,  the  tap  is  opened  so  as  to 
allow  the  water  to  drop  rapidly ;  if  the  prewure  of  gae  is  etrong,  the  funnel  tube 
acts  as  a  Fafety  valve,  and  allows  the  water  to  rife  up  into  the  cup  of  the  funnel. 
*?  hen  a  j-ufficiect  qusntily  o(.gaa  has  parred  into  tbe  bottle,  »y  sii  or  eight 
pints,  the  nater  which  has  issufd  from  the  tap  into  some  convenient  vessel  is 
measured  into  cubic  inches  or  liters,  snd  gives  the  quantity  of  gas  which  baa 
displaced  it.  In  order  to  insure  accurate  measuremecl,  all  parts  of  the  apparatus 
must  be  tight. 

The  flft>ks  are  tben  Feparalcd.  aod  into  the  fecond  6  c.c.  of  ar^enioue  solution 
placed,  and  acidified  slightly  with  HC'l.  If  any  traces  of  a  precipitate  occur  it  is 
'let  aside  for  titration  with  the  contents  of  the  first  flask,  into  which  10  c.c.  or  so 
ot  arreniouB  solution  are  put.  acidified  an  before,  both  mixed  together,  diluted  to 
B  given  meaiure,  filtered,  and  a  measured  quantity  titrated  aa  before  described. 

This  method  does  not  answer  for  very  crude  gas  containing  lai^ 
quantities  of  H^S  unless  the  absorbing  surface  is  lai^ely  iucrea^ed. 

2.    By  Fermanganate  (Hohr). 

If  a  solution  of  H^S  is  added  to  a  dilute  solution  of  ferric  sulphate, 
the  ferric  salt  is  reduced  to  the  ferrous  atate,  and  free  sulphur 
separates.  Tlie  ferrous  salt  so  produced  may  be  measured  accurately 
ty  [  eimanganate  without  removing  the  separated  sulphur.  Ferric 
'sulphate,  free  from  ferrous  compounds,  in  sulphuric  acid  solution,  is 
placed  in  a  stoppered  flask,  and  the  solution  of  H5S  added  to  it  with 
a  pipette  ;  the  mixture  ia  allowed  to  stand  half  an  hour  or  so,  then 
diluted  considerably,  and  permanganate  added  until  the  rose  coloiir 
appears. 

56Fe=17H2S. 

or  each  c.c.  of  */jo  permanganate  represents  0-C017  gm,  of  HjS. 
.Ihe  process  is  considerably  hastened  by  placing  the  stoppered  flask 
containing  the  acid  ferric  liquid  into  hot  water  previous  to  the 
addition  of  HjS,  and  excluding  air  as  much  aa  possible. 

3.    By  Iodine. 

Sulphuretted  hydrogen  in  mineral  waters  may  be  accurately 
estiiBated  by.  iodine  in  the  following  manner : — 

MSEHOD  OF  Pbocibcbe:  ]0  cc.  or  any  other  mcesfary  volume  of  '*/io© 
iodine  colutioD  are  meatured  into  a  E(0  c.c.  flask,  and  Ifae  naler  to  be  eiamined 
added  until  tbe  colour  difaipiars.  5  c.c.  of  starch  indicator  are  then  added,  acd 
"llOO  iedine  nnlil  the  blue  colour  sppears;  the  .flaik  is  then  filled  to  the  mark 
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with  pure  digtilled  water.  Tbe  rwpeotiTe  voliunes  of  iodine  and  starch  solution, 
b^etber  with  the  added  water,  deducted  from  the  GOO  d,o.,  will  show  the  Tolome 
,  of  water  sotually  titrated  b;  the  iodine.  A  correction  should  be  made  for  tbe 
exc«es  of  iodine  neceseary  to  produce  the  blue  colour. 

FieaeniuB  examined  the  aulphur  \rater  of  the  Grindbninnen,  iii 
Frankfurt  a,  M.  {Z.  a.  C.  xiv.  321),  both  voltimetrically  and  by 
weight  for  H^S  with  very  concordant  reaulte.  361'44  gin.  of  water 
(correction  for  blue  colour  beiog  allowed)  required  20'14  c.c.  of  iodine, 
20>53  cc.  of  which  contained  0-02527  of  free  iodine  =  Hj8  O-0O91&4 
gm.  per  miUion.  444'65  gm.  of  the  same  water  required,  under  the 
same  conditions,  25-06  c.c.  of  the  some  iodine  solntion  =  H.S 
0-009244  gm.  per  million.  By  weight  the  HjS  was  found  to  be 
0-009377  gm.  per  million. 

TANNIC    ACID. 

§  79.  The  estimation  of  tannin  in  the  materials  used  for  tanning 
is  by  no  means  of  the  moat  satisfactory  character.  Many  methods 
have  been  proposed,  and  given  up  as  practically  uselese.  Lowenthal's 
method,  with  later  variations,  is  accepted  as  the  best  volumetric 
method ;  but  it  is  still  deficient  in  accuracy  or  constancy  of  results, 
although  much  ingenuity  and  intelligence  have  been  expenc^ed  on  it. 

One  difficulty  is  still  unetirmounted,  and  that  is,  the  .preparation 
of  a  pure  tannic  acid  to  serve  as  standard.  The  various  tannins  in 
existence  are  still  very  imperfectly  understood,*  but  so  far  as  the 
comparative  analysis  of  tanning  materials  among  themselves  is 
concerned,  the  method  in  question  is  theoretically  the  best. 

The  principle  of  the  method  depends  on  the  oxidation  of  the  tannic 
acid,  together  with  other  glucoeiiies  and  easily  oxidizable  substances 
by  permanganate,  regulated  by  the  presence  of  soluble  indigo,  prepared 
from  what  is  commonly  called  indigo  carmine,  but  is  chemically 
sulphindigotate  of  sodium  or  potassium,  which  also  acta  as  an  indicator 
to  the  end  of  the  reaction.  The  total  amount  of  such  substances 
being  found  and  expressed  by  a  known  volume  of  permanganate,  the 
actual  available  tannin  is  then  removed  by  gelatine,  or  by  the  hide- 
powder  aystem,  and  the  second  titration  is  made  upon  the  solution  so 
obtained  in  order  to  find  the  amount  of  oxidizable  matters  other  than 
tannin. 

The  volume  of  permanganate  so  used,  deducted  from  tbe  volume 
used  originally,  shows  the  amount  of  tannin  actually  available  for 
tanning  purposes  expressed  in  t«rms  of  peramnganate. 

H.  K.  Procter  in  his  Leather  Induetriei  Laboratory  Book  ^ivea 
the  most  recent  methods  of    using  this  process  in   the  Yorkshire 

'  *  Yon  SohrOdflr,  whose  SDvg«stioiu  h&ve  beeu  adopted  bj  tbe  Gkraun  Assodatiim  oT 
TuuMn,  sdeota  a  oMnnuiTdal  para  tuiuio  acM  (or  nu  u  a  BtandsTd  hj  dLgKiliinft  e  gm.  ID 
a  Uter  oi  water.  10  co.  of  thu  !■  tlOated  witb  permaJagaoatA  bh  dfiscrlbed.  50  c-c.  an 
tJiMidimtedtwait;luHmwith3gni.iiuiiat«iedliide-pawder.  ID  c.c.  o(  the  fiUrate  froih 
tUa  li  ibta  Utnded.  and  If  tlie  ptrmangaiiaM  ooneniaed  amoQata  to  lean  than  10  per  cent. 
ol  tba  Mtal  HHinmad  br  tba  &iiiiiD,rt  ia  niitabls  for  a  atandud.  1000  iatis  being  ooq- 
aldered  eqnlndent  in  ndnclDK  powar  to  I04B  put*  o(  tannin  preclpitable  b;  hide.  aecordJw 

odeobiles  tbe  icj  matter,  Hsd  mnlti^eg  b;  tbe  roiuid  niiniber  1-OS  to  obtain  the  lalue  ib 
actual  tanoln  procipitable  hj  hide.  i 
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CoUe^  where  he  ia  the  professor  of  leather  inanufiicture,  and  givea 
hia  opinion  as  to  ite  worth  as  to  leather  manufacture.  "  It  is  now 
much  superseded  by  the  hide-powder  method,  but  there  are  still  a  few 
cases  in  which  it  may  be  employed  with  advantage.  Where  only  one 
or  two  analyses  are  to  he  made  at  one  time,  the  preparation  and 
a<^'astment  of  solutions  is  much  more  tedious  than  gravimetric 
analysis,  but  where  a  number  of  successive  titrations  are  required  it  is 
considerably  more  rapid.  It  has  the  advantage  that  it  can  be  applied 
direct  to  solutions  however  dilute,  and  if  gelatine  precipitation  is 
used,  it  is  much  less  affected  by  the  presence  of  gallic  acid  or  other 
fixed  acids  than  the  hide-powder  method,  and  is  therefore  well  adapted 
for  the  analysis  of  weak  and  waste  liquors  for  technical  purposes,  for 
the  systetnatic  testing  of  spent  tans,  and  for  tlie  analysis  of  sumach 
and  myrabolans  which  contain  much  gallic  acid,  and  which  in  the 
gravimetric  method  is  wholly  or  partially  estimated  as  tanning 
matter." 

The  extraction  of  the  tannic  acid  from  the  raw  material  is  best 
performed  by  making  an  infusion  of  the  ground  substance  first  with 
distilled  water  to  about  500  c.c.  at  a  temperature  not  greater  than 
50°  C.  then  with  water  at  100°  C,  and  percolating  till  free  from 
tannin,  and  diluting  when  cold  to  1  liter.  Portions  are  filtered  if 
necessary.  Concentrated  extracts  are  dissolved  before  titration  by 
adding  them  to  boiling  water,  then  cooling  and  diluting  to  the 
measure.  In  tJie  case  of  strong  materials  such  as  sumach  or  valonia 
10  gm.,  or  oak  bark  20  gm.,  are  used. 

TTie  quantity  of-  these  extracts  to  be  used  for  titration  must  be 
regulated  to  some  extent  by  the  amount  of  permanganate  required  to 
oxidize  the  tannic  and  gallic  acids  present.  Practice  and  experience 
will  enable  the  operator  to  judge  of  the  proper  proportions  to  use  in 
dealing  with  the  various  materials,  bearing  in  mind  that  volumetric 
processes  are  largely  dependent  upon  identity  of  conditions  for 
securing  concordant  results.  The  recommendation  of  the  best 
authorities  is  that  the  strength  of  the  solution  used  for  titration  is 
that  it  shall  give  a  solid  residue  of  from  06  to  0-8  gm.  from  100  c.c. 

The  working  details  according  to  Procter  are  adopted  at  the 
Yorkshire  College  as  follows.     The  solutions  required  are  : — 

(1)  Pure  potassium  permanganate,  0'5  gm.  per  liter.  As  very 
weak  solutions  do  not  keep  well,  it  is  best  to  make  up  one  of  5  gm. 
per  liter,  and  dilute  when  wanted.  The  exact  strength  of  the 
permanganate  is  not  important  so  long  as  it  is  constant  through 
a  series  of  experiments. 

(2)  Pure  indigo-carmine  5  gm.,  and  concentrated  HgSO.,  50  gm. 
per  liter.  This  must  be  filtered,  and  should  give  a  pure  yellow  free 
from  any  trace  of  brown  where  oxidized  with  permanganate ;  25  c.c. 
of  this  solution  should  equal  about  30  c.c.  of  the  jiermanganate,  and, 
if  necessary,  must  be  diluted  to  that  strength. 

(3)  Solution  of  pure  tannin,  3  gm.  to  1  liter.  Since  absolutely 
pure  taimin  cannot  be  obtained,  the  following  method  is  adopted : — 
A  sample  of  the  purest  obtainable  tannin  {not  less  than  90-95  per 
cent,  pure  by  hide-powder)  is  preserved  air-dry  in  a  well-stoppered 
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bottle,  and  the  moisture  carefully  detenuined.  The  principal  impurity 
is  gallic  acid,  which  acts  on  permanganate  like  tannin,  but  reduces 
somewhat  more,  and  1  part  of  such  tannin,  calculated  to  dry  weight, 
is  equal  on  the  average  to  1-05  part*  of  pure  tannin.  Hence  It  is  easy 
to  calculate  a  quantity  of  the  air-dry  tannin  equal  in  permanganate 
value  to  0'3  gm.  of  pure  tannin,  and  this  is  weighed  out  when 
required  and  made  up  to  100  c.c.  The  moisture  varies  very  little, 
but  it  is  well  occasionally  to  redetermine  it  and  calculate  afresh. 

Method  of  Pbocbdure  :  2S  o.o.  of  tbe  indigo  solution  am  mixed  in  a  beaker 
nilh  &bout  }  liter  of  clean  tap  water,  and  the  permuigtuiate  added  drop  by  drop 
from  a  glass-tapped  burette  till  a  pure  yelloir  is  obtained,  tbe  liquid  being  stirred 
Bt«sdily  the  whole  time.  A  disc  stirrer  or  a  glass  rod  bent  seTeial  times  back 
and  lonrard,  is  to  be  preferred  to  a  plain  rod ;  or  some  method  of  mechanical 
sttrring  may  be  adopted.  The  dropping  should  be  always  as  naarly  as  possible  at 
a  gimiur  rate  for  each  experiment,  and  sbould  be  slower  towards  the  end  of  the 
titration.     It  is  convenient  to  keep  a  second  beaker  titrated  to  a  pure  primrose 

f'ellow  as  a  standard  test.  ITitmtions  may  be  accurately  performed  by  artiQoial 
ight.  but  usually  differ  slightly  from  those  by  daylight,  and  henoe  the  light 
should  not  be  varied  in  the  course  of  an  analysis.  Por  daylight  work 
Kathreiner  recommends  the  use  of  a  white  basin  instead  of  a  beaker.  The 
permanganate  solution  is  allowed  to  drop  in,  with  constant  stirring,  till  the  pure 
yellow  liquid  shows  a  faint  pinkish  rim,  most  dearly  seen  on  the  shaded  side, 
i'bis  end.ieaction  is  of  extraordinary  delicacy,  and  Is  quite  different  to  the  pink 
caused  by  excess  of  permanganate,  being  an  effect  oommon  to  all  pure  ;^ellow 
liquids.  The  titration  is  done  at  least  twice,  and  the  average  taken ;  i  liter  of 
wat«r  and  25  c.c.  of  indigo  are  then  taken  as  before,  and  6  o;g,  of  the  tannin 
solution  are  added  and  similarly  titrated  repeatedly.  Deducting  amount  reauired 
for  the  indigo,  the  remainder  is  that  consumed  by  the  tannin,  which  should  not 
at  moat  exceed  two-lhitds  of  that  required  by  the  indigo.  A  similar  titration  Is 
made  with  tbe  tannin  infusion  to  be  examined,  of  which  such  a  number  of  cubic 
centimeters  is  employed  as  will  consume  about  the  same  quantity  of  the 
permanganate  as  the  standard  tannin  solution.  The  value  of  the  total  astringent 
IS  then  calculated  in  terms  of  tannin. 

Since  tanniug  matters  conttun  astringents  which  are  not  taken  up  by  the  hide, 
but  which  are  oxidized  by  permangtmate  like  tannins,  it  is  in  most  cases  necessary 
to  remove  the  tannin  from  a  portion  of  the  infusion,  and  to  repeat  the  titration  to 
determine  the  non-tonuin. 

This  maybe  done  by  the  hide-powder  method  at  the  same  time  that  the  tannin 
substance  is  determined  gravimetrically,  but  a  much  quicker  and  even  better 
method  is  that  of  Hunt.    Tbe  solutions  required  are:— 

(1)  Pure  gelatin,  2  gm.  per  100  c.c. 

(2)  Saturated  solution  of  NaCI  containing  50  c.c.  of  concentrated 
HjSO^  per  liter. 

Mkihod  of  Pbocbddbe  ;  To  50  c.c  of  the  liquor  (of  about  tbe  strength  of 
1  to  I'S  gm.  of  tannin  per  100  o.c.)  are  added  25  ca  of  tiie  gelatin  solution  and 
25  c.c.  of  the  salt  solution,  and  atwut  a  teaapoonful  of  kaolin  or  barium  sulphate, 
and  the  whole  is  well  shaken  for  five  minutes  and  filtered.  This  filtrate,  which 
should  be  perfectly  bright,  is  titrated  for  non-tannin  by  the  permanganate 
method,  double  tbe  volume  being  taken  which  was  employed  for  determination 
of  total  astringents,  and  the  result  is  deducted  before  calculating  the 
tanning  value. 

It  is  impossible  to  give  here  the  opinions  held  by  various  authorities 
on  this  subject,  therefore  the  reader  who  desires  fuller  information 
should  consult  the  various  papers  contributed  to  various  journals,  etc., 
and  mote  especially  Procter's  book  before  mentioned. 


;  V^nO 


3031c 


340 


VOLUMETRIC   ANALYSIS. 


§  79. 


-  The  table  below  by  Hunt  is  appended,  as  the  rasult  of 
careful  working,  and  as  a  guide  to  the  nature  of  various  tanning 
materials : — 

The  "total  extract"  in  the  table  was  determined  by  evaporating 
a  portion  of  the  tannin  solution  to  dryness  in  a  small  porcelain  basin 
and  drying  the  residue  at  110°  C.  The  "insoluble  matter"  was  also 
dried  at  110°  C. 

The  hide^powder  process  for  tannin  not  being  a  volumetric  one  is  not 
described  here. 


I^Hci^ 


EnglishOakBark       ... 

1570 

Guaduin  Hemlock  Bwk 

903 

Larch  Bark 

8-20 

i     Mangrove  Bark    

31-35 

Alder  Bark  

8-27 

.    Blue  Gum  Bark 

1018 

Valonia 

87-41 

1    MywboUni 

48'23 

Sumach         

4263 

1    Betel  Nut     

15-91 

Turkish  Blue  Gallfl      ,,. 

78-38 

Aleppo  GalU       

98-85 

Wild  Galls    

26-21 

Wvi-Divi      

66-98 

old  ample)      

60-49 

27-58 

Tormentil  Root    

22-27 

Ehatany  Root      

2227 

1    Pure  Indian  Tfa 

2806 

1     Pure  China  Tea   

18-08 

Cutch     

67-65 

Gum  Kino   

86-39 

Hemlock  Eitract 

35-16 

Oakwood  Extract 

33-49 

Chestnut  E:itract 

39-77 

Quebraoho  Eitract      ... 

48-22 

;    "PureTwinin" 

135-76 

Tan  Liquor,  sp.  gr.  1  030 
'    Spent  Tau  Liquor,   gp. 

4-84 

gr.  1-0165 

140 

Gambier,  Cube    

70-12 

.,        Sarawak       ... 

6313 

■    ""  

5600 

13-06 
20-64 
28-60 

19-36 
11-76 
38-50 
42-80 
44-10 
17-94 
48-40 
66-60 
31-70 
54-38 


lS-80 
34-46 

24-60 


37-78 
60-28 
4600 


49-70 

68-00 
74-65 
46-06 

47-77 

67-00 
36-36 
14-32 
64-17 


6107 
47-09 
43-70 


Tannin  In  Tea. — Tlie  extract  of    this  substance  is  made  upon 
10  gm.  of  tlie  tea,  by  boiling  it  with  a  liter  of  distilleil  water  for  an 
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hour  in  a  flaek  fitted  with  reverted  condenser,  filtering  and  diluting 
the  liquid  when  cool  to  a  liter. 

A.  H.  Allen  remarks  that  the  detorminatiim  of  tannia  in  tea 
affords  valuable  information  respecting  the  probable  presence  of 
previously  infused  leaves  or  extianeous  tannin  matters,  such  aa 
catechu.  This  ia  best  effected  in  the  aqueous  decoction  obtained  by 
exhftUHting  the  sample  with  boiling  water,  as  required  for  the 
determination  of  the  extract. 

The  tannin  may  be  estimated  by  the  modification  of  Ldwenthal's 
process,  as  previously  described.  A  volume  of  tlie  above  decoction, 
corree]>oiiding  to  0*04  gni.  of  tea,  may  be  taken  for  the  original 
titration  with  permanganate ;  and  of  -the  decoction  deprived  of  tannin 
a  volume  corresponding  to  O'OSO  gm.  of  tea.  The  tannin  of  tea  is 
stated  by  some  chemists  to  be  gallotannic  acid,  and  by  otheia  to  be 
identical  with  that  of  oak  bark.  The  reduction-equivalent  of  the 
latter  is  almost  identical  with  that  of  crystallized  oxalic  acid,  bo  that 
the  weight  of  this  substance  corresponding  to  the  volume  of 
permanganate  decolorized  gives  without  calculation  that  of  the  tannin 
present.  . 

The  process  of  fermentetion  to  which  black  tea  has  been  subjected 
undoubtedly  causes  modification  of  the  tannin,  with  formation  of 
dark-coloui«d  insoluble  tqatter.  The  author  found  that  a  decoction  of 
green  tea  precipitated  ferric  chloride  bluish-black,  like  nut-galls,  while 
that  of  black  tea  gave  a  green  colour  with  iron,  just  as  catechu  does. 

A.  H.  Allen  in  his  Organic  Analyns,  vol.  iii.  part  2,  gives 
a  modification  of  the  lead  method. 

The  Ldwenthal  process  distinguishes  the  tannic  acid  from  the 
small  quantity  of  gallic  acid  also  present  in  tea,  but  as  the  astringent 
oharacter  of  the  infusion  ia  due  to  both  these  substances,  a  method 
which  will  estimate  the  total  amount  of  astringent  matter,  without 
distinction  of  its  nature,  ia  in  aome  respects  preferable  to  a  process 
that  gives  merely  the  amount  of  tannin,  while  ignoring  the  gallic  acid. 
Such  a  process  was  devised  by  F.  W.  Fletcher  and  A.  H.  Allen  in 
1874  {C.  N.  xxix.  169,  169),  and  was  based  on  the  precipitation 
of  the  tea  infusion  by  lead  acetate,  and  tlie  use  of  an  ammoniacal 
aolution  of  potassium  ferricyanide  to  indicate  the  complete  precipitetion 
of  the  astringent  matters. 

Mm'HOD  or  Pboceddbe  :  &  gm.  of  neutnl  acetate  of  lead  should  be  diasolved 
in  distilled  water,'and  diluted  to  1  liter,  and  tbe  Bolution  filtered  after  Btandln^. 
1^  indicator  U  made  by  dismlvingr  OD50  gm.  of  pure  potassinm  ferricyanide  in 
go  CO.  of  water,  and  adding  an  equal  bulk  of  strong  ammonia  Bolution.  This 
reagent  gives  a  deep  red  oolonition  with  gallotamcacid,  gallioaoid,  or  an  infusion 
of  tea.  One  drop  of  the  solution  will  detect  0001  milligram  of  tannin.  In 
earryiog  out  the  procen,  three  separate  quantities  of  10  c.c.  each  of  the  standard 
lead  solution  should  be  placed  m  beaken,  and  each  iiuantitj  diluted  to  about 
100  CO.  with  boiling  water.  A  decoction  made  from  3  gm.  of  powdered  tea  in 
260  0.0.  of  water  {the  same  as  is  used  for  determining  tbe  extract)  is  added  from 
a  burette,  the  Bxtt  trial  quantity  receiving  an  addition  of  10,  the  t«conii  15,  and 
the  third  18  c.c ;  or  if  green  tea  be  under  examination,  S,  10,  and  12  c.c.  may  l>e 
preferably  employed.  1  c.c.  of  these  trial  quantities  are  passed  through  small 
filters,  and  the  filtrates  tested  with  ammoniacal  ferricjanide  solution. 

The  approximate  volume  of  tea  decoction  required  is  thus  easily  found,  and 
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ifter  repeating  the  tost  nenrlj  the  requisite  measure  can  be  &t  once  added.  In 
this  caee  about  1  c.c.  of  the  liquid  should  be  removed  with  ■  pipette,  passed 
tiirough  ft  small  Glt«r,  sod  drops  of  the  Sltrat«  allowed  to  fall  on  to  spots  of  the 
indicating  solution  previously  placed  od  a  porcelain  slab.  If  no  pink  coloration 
is  observed,  another  small  addition  of  the  tea  decoction  is  made,  a  few  drops  of 
the  liquid  filtered  and  tested  as  before,  and  this  procees  repeat«d  until  a  pink 
aolour  is  observed.  The  great«et  delicacy  is  obtained  when  the  drops  of  filtered 
solution  are  allowed  to  fall  directly  on  to  the  spots  of  the  indicator,  instead  of. 
obeeiring  the  point  of  junction  of  the  liquids. 

The  volume  of  tea  solution  it  is  necessary  to  add  to  100  c.c  of  pure  water, 
in  order  that  a  drop  may  give  a  pink  reaction  with  the  indicator,  should  be 
tubtraoted  from  the  total  amount  run  from  the  burette. 

The  foregoing  process  is  simple,  and  gives  very  concordant  results; 
but  the  repeated  filtrations  requisite  for  the  observation  of  the  end- 
reaction  are  apt  to  be  todious.  It  ia  diflicult  to  obtain  pure  .tannin 
for  Betting  the  lead  solution,  and  hence  it  is  preferable  to  abandon 
the  attempt  and  make  pure  lead  acetate  the  starting-point.  The 
author  found  that  10  c.c.  of  the  lead  solution  would  precipitate 
O'OIO  gm,  of  the  purest  gallotannic  acid  he  could  obtain.  Hence,  if 
all  the  weights  and  measures  above  mentioned  be  adhered  to,  the 
number  of  c.c  of  tea  decoction  required,  divided  into  125,  will  give 
the  percent^e  of  tannin  and  other  precipilable  matters  in  the  sample. 
The  proportion  found  inundried  black  tea  by  F.  W.  Fletcher  and  the 
authorrangedfrom8'5  to  11'6  percent.,  with  an  averse  of  10  percent. 

Tannlii  in  Wine,  Cider,  etc. — The  method  now  generally  adopted 
for  this  estimation  is  that  of  treating  a  known  volume  of  the  wine,  etp., 
with  catgut  (violin  strings  which  have  not  been  oiled,  and  which  have 
been  purified  by  washing  in  dilute  alcohol  acid  and  water,  until  they 
have  no  reducing  action  on  permanganate  in  the  cold).  The  digestion 
ifi  carried  on  at  ordinary  temperature  for  a  week,  in  a  closely  stoppered 
bottle.  The  original  substance,  and  that  from  which  the  tannin  has 
been  removed,  are  then  titrated  with  permanganate,  and  the  difference 
calculated  to  tannin. 

Another  method  consists  in  mixing  equal  parte  of  an  eighth  per 
cent,  solution  of  alum  and  the  wine,  collecting  the  precipitate  on 
a  filter,  washing  slightly  with  cold  water,  transferring  the  precipitate 
by  a  stream  of  water  from  a  wash-bottle  to  a  beaker,  then  acidifyii^ 
with  HgSO^  and  titrating  with  indigo  and  permanganate  as  usual 

Dreaper'a  Copper  Frocess  for  Tannin  and  Oallio  Acids.— 
This  is  deacribed  in  a  paper  contributed  to  J.  C.  S.  I.  xii.  412,  from 
which  the  following  abstract  is  taken. 

The  methods  hitherto  proposed  for  the  estimation  of  tannin  may  be 
divided  into  two  classes,  viz. : — 

(1)  Those  which  act  by  precipitating  the  tannic  acid  as  an  insoluble 
compound. 

(2)  Those  which  act  by  oxidation. 

To  the  former  class  belongs  the  well-known  hide-powder  process, 
and  to  the  latter  Ldwenthal  a  permanganate  method,  which  has  been 
modified  by  Procter  and  others.  These  &irly  represent  the  two 
claeees,  and  are  the  only  ones  in  general  use  at  the  present  day. 

Dfeaper,  however,  has  adopted  a  modified    form   of   Uarton'a 
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method,  the  novelty  of  nhich  conBiBts  In  precipitating  the  tannic  acid 
by  means  of  an  ammonio-copper  sulphate  solution,  after  a  preliminary 
treatment  with  sulphuric  acid  to  remove  the  ellagic  acid,  and  then 
a  treatment  with  ammonia,  filtering  after  each  treatment.  Procter 
states  that  this  preliminary  treatmeot  is  unnecessary  in  tfae  case  of 
some  extracts,  but  Dreaper  has  never  found  any  precipitation  to 
take  place  in  the  case  of  the  so-called  pure  tannic  acida,  probably  owing 
to  the  removal  of  the  impurities  during  the  process  of  purification. 
The  original  solution  and  the  filtrate  are  titrated  with  permanganate 
as  in  Lowenthal's  method,  the  difference  in  the  two  results  being 
due  to  the  tannic  acid  present.  The  copper  compound  may  be  dried 
at  110°  C.  and  weighed,  or  else  ignited  and  weighed  as  copper  oxide. 
Fleck  states  that  the  tannic  acid  can  be  calculated  from  this  by 
multiplying  by  the  factor  1'034. 

The  standard  copper  solution  used  by  the  author  contained  30  gm. 
of  pure  crystallized  copper  sulphate  in  a  liter  of  water.  Barium 
carbonate  is  also  required,  which  should  be  free  from  calcium  salts. 

The  procew  is  bued  on  the  direot  precipitation  of  the  gsllio  and  tannic  acids 
by  means  of  a  copper  Bslt,  using  as  outside  indicator  potassium  fenttc^ranide.  If 
a  standard  solution  of  copper  sulphate  be  run  into  a  solution  of  the  mixed  aoids, 
a  ceiiun  amount  of  copper  tanust«  and  gallate  will  be  precipitated,  depending 
on  the  dilution  of  tbe  solntion  and  the  amount  of  acid  set  free  from  the  copper 
sulphate.  The  precipitate  is,  under  tbeae  circumstances,  of  a  bullcy  nature  and 
ill  adapted  to  onysepaiation  by  quick  filtration,  so  in  i  imiiij  in  a  proceea  of  thi* 
description.  It  was  found  that  when  a  solution  of  copper  sniphate  was  added  t« 
a  solution  of  the  miied  acida  in  the  presence  of  barium  carbonate,  the  predpibn- 
tim  proceeds  with  the  utmost  rej;ularity.  The  carbonate  immediately:  forms 
insoluble  sulphate  with  the  free  acid,  andalso  helps  to  aonsolidate  lj)e  precipitated 
copper  salts,  so  l^t  towards  the  end  of  the  reaction,  thej  (all  rapidly  to  the 
bottom  of  the  vessel,  leaving  the  supernatant  liquid  clear.  This  separation  is  a 
good  indication  that  the  end  of  tfae  titration  is  near,  and  is  supplemented  by  the 
ierrocyanide  lest. 

A  modified  method  of  testing  for  the  excess  of  copper  in  the  solution  is  as 
follows: — Pieces  of  stout  Swedish  fllter-paper  one  inch  square  are' folded  across 
tbe  middle,  and  a  drop  of  tfae  liquid  to  he  tested  token  up  on  a  glass  rod  and 
gently  dropped  on  to  tbe  top  surface.  The  liquid  will  percobite  through  to,  tbe 
under  fold,  leaving  the  precipitate  on  the  upper  one.  1%  is  then  only  neoeeeary 
to  unfold  the  sheet  and  apply  a  drop  of  ferrooyauide  to  the  under  snrfaoe.  U 
the  reaction  is  complete  a  faint  pink  colouration  will  take  place,  which  is  perhaps 
more  easily  recogmzed  by  transmitted  light. 

The  results  obtained  by  duplitate  eiperiments  tend  to  show  that  the  copper 
salts  are  perfectly  constant  in  composition  when  precipitated  in  this  maimer,  and 
the  results  equal  in  accuracy  any  obtained  with  other  processes. 

About  1  gm.  of  barium  carbonate  was  added  in  each  case  and  the  solution 
heated  up  to  90°  C.  before  titration.  The  temperature  at  the  end  ot  the  titration 
should  not  be  less  than  30'  C. 

The  precipitation  by  copper  is  done  say  on  25  c.o.  of  the  solution  of  tbe 
sample  and  the  results  noted.  60  c.c.  of  the  same  sample  are  tb^  mixed  with 
tfae  usual  proportions  of  gelatine,  salt,  acid,  and  Wium  sulphate ;  dilated  to 
100  CO.,  then  filtered  through  a  dry  filter  and  60  c.o.  (  =  26  o.c.  of  the  original 
bquid)  titrated  with  oopper  solutioD  as  before,  the  difference  being  calculated  to 
available  tannin. 

The  ei^rimenls  show  that  the  sepaniljon  of  the  tannic  acid  by  means  of  an 
acid  solution  of  geUtine  and  salt  will  not  altect  the  general  results  obtained, 
and  this  method  for  want  of  a  better  was  used  in  the  eiperimente,  Procter's 
modification  being  considered  the  most  accurate,  and  therefore  adopted. 
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'  The  following  table  t 
iae  to  the  indioator  in  c 


c.e.  ol  Water. 

"""'^S^**'"*^" 

20 

0-3 

80 

0-4 

60 

07 

100 

i-o 

160 

1-6 

'  Sli^tlj  lower  results  wen  obtMoed  wben  tbe  opention  wu  aondueted  in 
the  cold,  prabablj  owin^r  to  tbe  slower  aotion  of  the  orbonate  on  the  free 
Mid ;  but  the  rate  of  lunoii^  in  of  the  solution  had  no  appreciable  efTect  on  the 
quantity  required. 

■  A  sample  of  the  purest  gallio  add  that  could  be  obtained  gave  the  followinf; 


WeiffU  taken. 

c.c  IBquirod. 

Om. 
06 
0-6 

46-0 
44-8 

-  Allowing  that  the  aeid  was  of  90  per  eent.  purity,  tiiese  reaulta  would  ^\e 
a^Tilue  for  each  co.  of  O'Olll  gm.  This  figure  niuBt  of  ooiuse  only  he 
taken  as  appreiimate.  It  will  be  seen  that  more  solution  is  required  to 
precipitate  Uie  gallic  than  the  tannic  acid.  This  iaalso  noticed  in  Li)  wen  thal'B 
method. 

.'  Tbe  chief  advantages  claimed  by  the  author  of  this  method  over 

Lowenthal's  are  as  foUowa: — 

'^  (I)  Both  the  tannic  and  gallic  acids  are  eBtimated. 

(2)  Rapidity  of  estimation  where  a  simple  assay  ia  sufficient. 
■  (3)  The    resuitfl    are    expressed    in    terms    of    the    copper  oxide 
precipitated. 

(i)  The  standard  solution  keeps  well,  and  there  is  no  correction 
necessary  for  indigo  solution  or  gelatine, 

(6)  Larger  quantities  of  the  solution  can  be  titrated,  thus  reducing, 
the  working  error. 

'  It  seems  to  he  possible  to  use  this  method  for  substances  other  than 
tannic  or  gallic  acids,  e.g.,  Fustic. 
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■.  The  foLowing  results  were  obtained  with  a  sample  of  pure  Fustic 
extract  51°  Tw. 

0'5  gm.  taken  required  11 '5  c.c.  of  standard  solution. 
,   0'5  gm.  taken  required  11 '6  c.c.  of  standard  solution. 

The  end  of  the  reaction  was  sharp  when  the  titration  was  carried 
on  at  the  hoiling-point  and  the  precipitate  settled  well. 

Other  HflthodB  of  Eatlmatiiig  Taimiik. 

Direct  Frecipitatlon  by  Gelatine.— The  difficulty  existing  with 
this  method  is  that  of  getting  the  precipitate  to  settle,  so  that  it  may 
be  clearly  seen  when  enough  gelatine  has  been  added. 

Tolerably  good  results  may  sometimes  be  obtained  by  using  a  strong 
solution  of  s^  ammoniac  or  chrome  alum  as  an  adjunct.  The  \kiBt  aid 
is  profcably  barium  aulpliate,  2  or  3  gm,  of  which  should  be  added  to 
each  portion  of  liquid  used  for  titration. 

.  Standard  solution  of  gelatine  should  contain  1'33  gm.  of  dry 
gelatine  per  liter,  in  which  is  also  mixed  a  few  drops  of  chloroform 
QT  a  small  quantity  of  thymol  to  preserve  it.  46  c.c.  =  0'05  gm. 
tannin  (Carles).  This  method  is  adapted  only  for  rough  technical 
purposes,  as  also  the  following : — 

Direct  Precipitation  by  Antimony. — This  method  is*  still   in 

favour  with  some  operators ;  but,  like  the  gelatine  process,  is  beset 
with  the  diificulty  of  getting  the  precipitate  to  settle. 

Standard  antimony  solution  is  made  by  dissolving  2*611  gm.  of 
cryetjals  of  emetic  tartar  dried  at  100°  C.  in  a  liter.  1  c.c.  =  0'005  gm. 
tannin,  This  liquid  may  also  be  kept  from  decomposition  by  a  few 
grains  of  thymol.  50  c.c.  of  the  tannin  solution  may  be  t^en  for 
titration,  to  which  is  added  1  or  2  gm.  of  sal  ammoniac,  and  the 
antimonial  solution  run  in  until  no  further  cloudiness  is  produced. 

In  both  the  above  methods  the  final  tests  must  either  be  made  by 
repeatedly  filtering  small  portions  to  ascertain  whether  the  precipitation 
is  complete,  or  by  bringing  drops  of  each  liquid  together  on  black 
glass  or  a  small  mirror. 

TIN. 

Sn  =  118. 

Metallic  iron  x  l-0536=Tin. 

Double  iron  salt     x  0-1505=  „ 

Factor  for  "/lo  iodine 

or      permanganate 

solution  0-0059 

§  80.  Thr  method,  originally  devised  by  Streng,  for  the  direct 
estimation  of  tin  by  potassium  bichromate,  or  other  oxidizing  agents 
in  acid  solutioik,  has  been  found  most  unsatisfactory,  from  the  fact 
that  variable  quantities  of  water  or  acid  seriously  interfere  with  the 
accuracy  of  the  results.  The  cause  is  not  fully  understood,  but  that 
it  is  owing-partly  to  the  oxygen  mechanically  contained  in  the  water 
reacting  on  the  very  sensitive  stannous  chloride  there  can  be  very 
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Kttle  doubt,  oa  the  variationa  are  coneiderably  leeaened  by  the  uae  of 
Tater  recently  boiled  and  cooled  in  cloeed  vessels.  These  dUlicultiea 
are  set  aside  by  the  procesaes  of  Lenssen,  Lowenthai,  Stroraeyer, 
and  others,  now  to  be  described,  and  which  are  found  fairly  Batisfactory. 

1.    Direct  TitTfttioD  by  Iodine  in  Alkaline  Solution 
(Lenasen). 

Metallic  tin  oi  its  protosolt,  if  not  already  in  solution,  is  dissolved 
in  hydrochloric  acid,  and  a.  tolerable  quantity  of  Rochelle  salt  added, 
together  with  sodium  bicarbonate  in  excess.  If  enough  tartrate  be 
present,  the  solution  will  be  clear;  starch  is  then  added,  and  the 
mixture  titr&ted  with  "/lo  iodine.  Metallic  tin  ia  best  dissolved 
in  HCl  by  placing  a  platinum  crucible  or  cover  in  contact  with,  it,  so 
OS  to  form  a  galvanic  circuit. 

Benas  (Ckgm.  Centr-blatf.  li.  957)  points  out  ttiat  the  chief  error  in 
the  estimation  ss  above  arises  from  oxygen  dissolved  in  the  liquid,  or 
absorbed  during  the  operation.  In  order  to  obtain  constant  results,  it 
is  necessary  to  dissolve  the  tin  compound  in  IICl,  dilute  with  oxygen- 
ft«e  water,  and  add  at  once  excess  of  standard  iodine,  which  excess  is 
found  by  residual  titration  with  standard  thiosulphate. 

S.  W,  Young  (J.  Am.  C.  S.  xix.  809)  has  called  attention 
to  the  fact  that  the  estimation  of  tin  can  be  carried  out  in  acid 
solution,  though  not  in  the  same  way  as  advocated  by  Benas.  The 
solution  is  best  mode  in  dilute  hydrochloric  acid,  and  must  of  course 
he  free  from  other  oxidizing  or  reducing  matters.  To  prevent  the 
action  of  air  the  stannous  compound  must  be  rapidly  prepared' and 
titrated  immediately  with  excess  of  standard  iodine  and  starch.  It  is 
essential  that  the  potassium  iodide  used  in  rooking  the  ionline  solution 
should  be  free  from  iodate.  The  estimation  of  the  amount  of  iodine 
in  excess  is  best  done  with  dilute  stannous  chloride,  the  strength  of 
which  in  relation  to  the  standard  iodine  must  be  known  either  just 
before  or  after  the  tin  experiment  The  results  obtained  by  Young 
were  a  little  higher  than  the  theoretical,  which  is  attributed  to  the 
iodine  being  standardized  by  thiosulphate  in  a  neutral,  instead  of  an  acid 
solution,  but  as  mentioned  in  the  beginning  of  tliis  section  variations 
in  tin  titrations  occur  from  several  causes  difRcult  to  understand. 
The  method  possesses  some  advantage  over  the  following,  inasmuch  as- 
iodides,  bromides,  and  salts  of  iron  cause  no  difficulty  when  present. 

2.    Indirect  Titration  by  Fenio  Chloride  and 
Permanganate  (Iibventhal,  Stromeyer,  ato,). 

This  method  owes  its  value  to  the  fact,  that  wlieu  stannous  chloride 
is  brought  into  contact  with  ferric  or  cupric  chloride,  it  acts  as. 
a  reducing  agent,  in  the  most  exact  manner,  upon  these  compounds, 
stannic  chloride  being  formed,  together  with  a  proportionate  quantity 
of  ferrous  or  cuprous  salt,  as  the  cose  may  be.  If  either  of  the 
latter  be  then  titrated  with  permanganate,  the  original  quantity  of 
tin  may  be  found,  the  reaction  being,  in  the  case  of  iron, — 
SnClj  +  FejClj  =  SnCl,  +  2FeCly 
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66  iron  »  59  tin.  If  declnormal  permanganate,  or  the  foctor  necessary 
to  convert  it  to  that  strength,  be  uaed,  the  calculation  by  means  of 
iron  is  not  necessary. 

Mbthod  dp  Pbocbditre  :  The  solution  of  Btumoui  chloride,  or  otlier 
protoealt  of  tin  in  HCl,  or  the  gnmulated  metal,  is  mixed  with  pure  ferric 
chloride,  nhicti,  if  tolentblj  ooncentrftted,  dissolvee  metallic  tin  rradilj,  and 
without  evolution  of  hydn^^,  then  diluted  with  distilled  wat«r,  and  titnted 
with  pemungBnate  m  ubu&I.  To  obtain  the  moet  eiact  results,  it  ia  aeceemy  to 
make  so  eiperiment  with  the  eame  permanganate  upon  a  lUte  quantity  of  water, 
to  whiob  ferrio  chloride  ie  added ;  the  quantity  required  to  produce  the  rame 
rose  colour  is  deducted  from  the  total  permanganate,  and  the  rem^der 
calcukted  at  tin. 

Stannic  salta,  also  tin  compounds  containing  iron,  are  diESolved  in  water, 
HCl  added,  and  a  plate  of  dean  linc  introduced  for  ten  or  twelve  homa;  the  tin 
•0  precipitated  ia  carefully  collected  and  washed,  then  diBBolved  in  HCl,  and 
Utrated  as  above ;  or  the  finely  divided  metal  may  at  once  be  mixed  with  an 
eicen  of  ferric  chloride,  a  little  HCl  added,  and  when  solution  i«  complete, 
titrated  with  permanganate.  4  eq.  of  iron  (>'224}  occurring  in  the  form  of 
ferrous  chloride  represents  1  eq.  (  —  118)  of  tin. 

Tin  may  also  be  precipitated  from  slightly  acid  peroxide  solution 
as  sulphide  by  HjS,  the  sulphide  veil  washed,  and  mixed  with  ferric 
chloride,  the  mixture  gently  warmed,  the  sulphur  filtered  off,  and  the 
filtrate  then  titrated  with  permanganate  as  above.  4  eq.  of  iron  ^ 
1  eq.  of  tin. 

Tin  Ore. — In  the  case  of  analysis  of  cassiterite,  Arnold  (C  N. 
xxxvi.  238)  recommends  that  1  gm.  of  the  very  finely  powdered 
mineral  be  heated  to  low  redness  for  two  hours  in  a  porcelain  boat 
in  a  glass  tube  with  a  brisk  current  of  dry  and  pure  hydrogen  gas,  by 
which  means  the  metal  is  reduced  to  the  metallic  state.  It  is  then 
dissolved  in  acid  ferric  chloride,  and  titrated  with  permanganate  or 
bichromate  in  the  usual  way. 

The  Estimation  of  Tin  in  White>metal  Alloys.  Ibbotson 
and  Brearley.— (C.  N.  Ixxxiv.  167.) — Tin  may  be  readily  estimated 
by  reducing  the  hot  solution  of  the  chloride,  cooling  in  an  atmosphere 
of  COj,  and  titrating  with  iodine  and  starch.  The  reduction  can  be 
conveniently  effected  by  means  of  iron,  but  any  excess  added  must 
be  dissolved  completely.  If  antimony  is  present,  it  will  be  pre- 
cipitateil  as  metal,  and  cannot  be  dissolved  again,  but  as  cold  acid 
solutions  of  stannic  chloride  are  not  reduced  by  antimony,  which 
readily  reduces  them  on  beating,  the  solution  may  be  directly  titrated 
with  iodine  as  usual,  very  good  results  being  obtained.  The  antimony 
may  be  filtered  off  after  the  titration  and  estimated,  but  the  results 
ob^ined  are  rather  low. 

An  improvement  on  the  above  method  consists  in  reducing  the 
stannic  chloride  with  finely-powdered  metallic  antimony.  The 
reduction  of  0*15  gm.  of  tin  is  complete  after  one  minute's 
boiling,  atad  the  excess  of  antimony  which  remains  undiseolved  acts 
as  a  saf^^rd  during  the  cooling,  since  it  reduces  any  tin  which  may 
have  hecorae  oxidized  whilst  the  eolution  is  still  hot.     Cold  solutions 
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of  stannouB  chloride  take  ap  oxygea  less  readily.  The  test  analyses 
given  show  that  the  reduction  is  complete. 

The  influence  of  various  substances  likely  to  be  present  in  an 
ordinary  analysis  on  the  above  method  was  examined,  and  it  was 
found  that  the  presence  of  iron,  chromium,  nickel,  zinc,  manganese, 
aluminium,  bismuth,  phosphorus,  and  sulphur  is  without  effect  on  the 
results.  The  quantity  of  hydrochloric  acid  present  should  always  be' 
about  one-fifth  of  the  total  volume.  If  copper  is  present,  it  will  be 
reduced  to  tlie  cuprous  state,  but  accurate  results  may  nevertheless  bo 
obtained  if  the  iodine  is  added  drop  by  drop  to  the  vigorously  agitated 
solution,  so  as  to  prevent  the  formation  'of  a  local  excess  of  iodine. 
It  is  also  advisable  to  liave  rather  more  hydrochloric  acid  present,  up 
to  about  one-third  of  the  total  volume.  Cobalt  apparently  gives  very 
slightly  higher  values.  I.ead  is  without  influence  if  sufficient  hydro- 
chloric  acid  is  present  to  prevent  the  formation  of  lead  iodide.  The 
presence  of  arsenic  completely  vitiates  the  results,  whether  the  tin  is 
reduced  with  iron  or  with  antimony.  Mercury  is  reduced  to  the 
metaUic  state,  but  is  not  oxidized  in  cold  solutions.  If  molybdenum 
or  tungsten'  is  present,  a  coloured  lower  oxide  is  formed,  but  this  is 
not  appreciably  reoxidiied  by  the  iodine,  and  the  starch  blue  can  be 
readily  distinguished. 

TITANIUM. 

Ti.-48'l.. 

§  81.  H.  L.  WelLs  and  W.  L.  Mitchell,  in  a  contribution  to  the 
J.  Am.  C.  S.  1395,  878,  allude  to  a  volumetric  method  of  determining 
titanic  acid  by  Pisani  {Compt.  Rend.  lix.  289),  which  does  not 
appear  to  have  been  found  satisfactory.  '  Marignac  (Z.  a.  C. 
vii.  112)  applied  Pisani's  method  in  the  estimation  of  titanic  acid 
in  the  presence  of  niobic  acid,  special  conditions  being  adopted  to 
avoid  the  reduction  of  the  latter. 

The  authors  have  modified  Pisani's  process  as  improved  by 
Marignac,  and  employ  it  for  the  determination  of  iron  together 
with  the  titanic  acid  in  ores.  Sulphuric  acid  solutions  are  used,  and 
the  liquid  is  protected  from  the  air  during  cooling  and  titration  by 
means  of  a  current  of  carbon  dioxide. 

Mktbod  of  Fbocedure  :  S  gm.  of  the  pulverized  ore  are  treated  with  100  c.c' 
of  conoeDtroCed  hydrochloric  acid  in  a  covered  beaker,  using  a  gradually  increasing 
beat,  and  adding  more  acid  IF  necewary.  When  there  is  no  further  action,  GO  c.c 
of  a  mixture  of  equal  volumes  of  aulphuric  acid  and  water  are  added,  and  the 
liquid  evaporated  until  it  fumes -stronglj.  Aft<^r  coolins,  200  co.  of  nnter  are 
added,  the  whole  heated  until  the  sulphates  diasolve.  ftod  toe  liquid  filtered  inte  a 
liter  flu-ak.  If  anything  besides  silicious  matter  is  left  on  the  Glter-paper,  it 
should  be  fused  with  potassium  bisulphate,  treated  with  concentrated  sulphurio 
acid,  and  the  sulphates  dissolved  in  hot  water  and  added  to  the  nuua  solution. 

'  The  liquid  in  the  flask  is  made  up  te  the  mark  with  water,  and  4  portions  of 
300  C.C:  eauh  taken,  2  in  Erlenmeyer  flasks  (500  c.c),  and  the  other  2  in 
ordinary  3S0  c.c.  flasks.     Each  of  these  represents  1  gm.  of  the  ore      . 

"To  determine,  the  iron,  U^S  is  pasi^  into  the  solutions  in  the  ordinary 
flasks  te  satura^on,  after  which  tbej  are  boiled  until  all  tJie  B^S  has  been- 
removed,  care  beiut;  taken  to  avoid  any  oootact  of  the  solution  with,  the  air 
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by  covering  the  mouths  of  the  flatka  with  crucible  lids.  '  The  flaska  are  Uion 
quickly  GUed  to  the  neck  with  cold  reoentlj-boiled  water,  ispidl;  cooled, 
tntmferred  to  Ui^  beakere.  Kud  titrated  irith  standard  potauium  permanguiate. 

To  the  solutioDs  iu  the  Erlenmeyer  flasks  25  c.o.  of  concentrated  fulphurio 
add  ue  added,  aod  3  or  4  rods  of  pure  zinc,  about  60  m.m.  long  and  6  or  7  m.m. 
in  diameter  are  suspended  in  the  liquid  by  means  of  a  platinum  wire  attached  to 
the  loop  of  a  porcelain  crucible  lid,  which  is  inverted  over  the  moutb  of  the  Bask. 
The  liquid  is  then  gently  boiled  for  30  or  40  minutes.  Then,  without 
intomipting  the  boiling,  a  rapid  current  of  COg  is  introduced  under  the  cover. 
Tbe  flask  is  now  rapidly  cooled,  the  zinc  washed  nith  a  jet  of  water  and  removed, 
and  tbe  solution  titratod  with  permanganate,  while  the  current  of  COj  is  still 
being  passed  in.  The  difference  between  the  permangaaate  used  in  this  case  and 
tbat  required  for  the  iron  alone,  represents  the  amount  corresponding  to  the 
titanic  acid.  The  factor  for  metallic  iron  divided  by  07  gives  the  factor  tor 
titanic  acid  (TiO,). 

The  most  convenient  strength  for  tbe  permanganate  solution  is  one  of  7'S  gm. 
per  liter,  corresponding  to  aboat  (^Oll  gm.  of  metallic  iron, 

la  the  determination  of  iron  by  j«duction  with  sulphuretted  hydrogen,  no 
effect  ia  produced  on  cold  permangsnate  solution  by  the  precipitated  sulphur 
present,  but  precipitated  sulphides,  such  as  copper  sulphide,  should  be  filtered  off 
before  boiling. 

The  results  of  test  aoalysee  of  recryatallized  potasaiura  titano- 
fluoride  were  somewhat  low,  but  probably  quite  as  good  or  better 
than  any  gravimetric  method. 

TTBAiriUU. 

Ur-240. 

g  82.  Thr  estimation  of  uranium  may  be  conducted  with  great 
accuracy  by  permanganate,  in  precisely  the  same  way  aa  ferrous  salts 
(S  63).  The  metal  must  be  in  solution  either  as  acetate,  sulphate,  or 
chloride,  but  not  nitrate,  Iu  the  latter  case  it  is  necessary  to 
evaporate  to  dryness  with  excess  of  sulphuric  or  hydrochloric  acid,  or 
to  precipitate  with  alkali,  wash  and  reilisEolve  in  acetic  acid. 

The  reduction  to  the  uranous  state  is  made  with  zinc,  but  as  the 
end  of  reduction  cannot,  like  iron,  be  known  by  the  colour,  it  is 
necessary  to  continue  the  action  for  a  certain  time ;  in  the  case  of 
small  quantities  a  quarter,  larger  half  an  hour,  at  a  temperature  of 
50°  to  60^  C.,  and  in  the  presence  of  excess  of  sulphuric  acid ;  all 
the  zinc  must  be  dissolved  before  titration.  The  solution  is  then 
freely  dUuted  with  boUed  water,  sulphuric  acid  added  if  necessary, 
'and  then  permanganate  until  the  rose  colour  is  faintly  permanent. 
The  ending  is  distinct  if  the  solution  be  well  diluted,  and  the  reaction 
is  precisely  the  same  as  iu  the  case  of  ferrous  salts ;  nautely,  2  eq.  of 
uranium  existing  in  the  uranous  state  require  1  eq.  of  oxygen  td 
convert  them  to  the  uranic  state;  hence  56  Fe=  120  Ur,  con- 
sequently the  strength  of  any  permanganate  solution  in  relation  to 
iron  being  known,  it  is  easy  to  find  the  amount  of  uranium. 

Another  method  of  estimating  uranium  has  been  published 
(B.  Glasmann,  Bei:  1904,  189,) 

The  method  depends  on  the  reaction  of  neutral  solutions  of  uranyl  stiXU  on  s 
miiture  of  potassium  iodide  and  iodate — 

8U05{NOj),  +  &KI  +  KIO,  +  3HjO-SUOj(OH)j  +  eKNOj+  8l,. 
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An^  eioess  of  und  in.  the  lolution  miut  be  nentnliied  with  sodium  carbonate, 
whioh  IB  added  till  s  precipitate  begini  to  be  pemunent ;  this  predpitate  is  then 
just  redisKilved  in  dilute  acid.  Place  the  eolutiou  iu  a  300  c.c.  diatillatiou  flaek 
provided  with  a  Krouiid  stopper  cairjiug  a  funnel  with  stopcock,  the  tube  of 
which  reaohet  to  tne  bottom  of  the  tlaek.  Insert  the  exit-tube  ot  the  flask  into 
the  receiver  containiog  potassium  iodide  solution,  add  to  the  uran;!  solution  the 
requisite  amount  of  iodide  and  iodale  miitare,  dilute  to  120  o,c.,  close  wiUi  the 
ftoppered  funnel,  and  slowly  heat  (o  boilinf^.  When  boiling,  oool  the  reoMver 
with  water,  and  lead  a  stream  of  hydrogen  through  the  boiling  liquid.  When  the 
liquid  is  reduced  to  60  Co.,  withdraw  the  flask  from  the  reoeiver,  remove  the 
burner,  wash  the  deliverj  tube  into  a  beaker,  rinse  the  oontente  ot  the  receiver 


VANADIUH. 
V  =  51-2. 

g  83.  YANADtuu  salts,  or  the  oxides  of  this  element,  may  be  very 
satisfoctorily  titrated  by  reduction  with  a  standard  ferrous  solution : 
thus— 

2FeO  +  V05  =  Fej03  +  VO,. 

1  gm.  of  Fe  represents  1 '630357  gm.  of  vanadic  pentoxide, 

Lindemann  (Z.  a.  C.  xviii.  99)  recommende  the  use  of  a  solution' 
of  ferrous  ammonio-sulpliate  standardized  by  "/lo  potassium  bichro- 
mate. 

Of  course  it  is  necessary  that  the  vanadium  compound  should  be 
in  the  highest  state  of  oxidation,  preferably  in  pure  sulphuric  acid 
solution.  The  blue  colour  of  the  tetroxide  in  the  dilute  liquid  has 
DO  misleading  effect  in  testing  with  ferridcyanide. 

With  hydrochloric  acid  great  care  must  be  taken  to  insure  absence 
of  free  CI  or  other  impurities.  The  end-point  in  the  case  of  this 
acid  is  different  from  that  with  sulphuric  acid,  owing  to  the  colour  of 
the  ferric  chloride,  the  mixture  becoming  clear  green. 

The  accuracy  of  the  action  is  not  interfered  with  by  ferric  or 
chromic  salts,  alumina,  fixed  alkalies,  or  salts  of  ammonia. 

Vanadic  solutions  beinc  exceedingly  sensitive  to  the  action  of 
reducing  agents,  great  care  must  be  exercised  to  exclude  dust  or  other 
carbonaceous  mattera,  alcohol,  etc. 

The  reduction  of  vanadic  acid  by  hydriodic  or  hydrobromic  acids, 
and  its  titration  in  alkaline  solution  with  iodine  has  been  worked  out 
by  P.  E.  Browning  (/.  Amei:  Sci.  1896,  185).  The  solution  con- 
taining the  vanadate  is  boiled  In  an  Erlenmeyer  beaker  with 
potassium  iodide  or  bromide,  in  not  too  large  a  quantity,  and 
a  regulated  amount  of  sulphuric  acid,  until  no  more  iodine  or  bromine 
is  liberated.  After  cooling,  the  residual  liquid  is  nearly  neutralized 
with  aqueous  potash,  a  small  quantity  of  tartaric  acid  is  added,  and 
the  neutralization  completed  with  an  excess  of  potassium  bicarbonate. ' 
Excess  of  standard  iodine  is  then  added,  and  ^ter  remaining  for  half 
an  hour  in  a  well-closed  bottle,  the  free  iodine  left  is  estimated  by 
means  of  a  solution-  of  arsenious  oxide  in  the  usual  way. 

Onemol.  of  iodine  represents  1  mol.  of  vanadic  acid. 
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ZIVC. 
Zn  =  6B. 
1  C.C.  "/,o  solution  =  0-0032B  gm.  Zinc. 
Metallic  iron  x  0-5809     -    Zinc 

„  X  0-724        =    Zinc  oxide. 

Double  iron  salt      x  0-08298  =    Zinc 
„  „  X  01034     -    Zinc  oxide. 

1.    Indirect  Method  (Uann). 

§  84.  Thib  process  gives  exceedingly  good  results,  and  conaiata  in 
precipitating  the  zinc  as  hydrated  sulphide,  decomposing  the  sulphide 
with  moist  silver  chloride,  then  estimating  the  zinc  chloride  so 
formed  by  Volhard'a  method  (§  43). 

The  requisite  materials  are — 

Silver  chloride. — Well  washed  and  preserved  from  the  light  under 
water. 

Standard  silver  nitrate. — 33-18  gm.  of  pure  silver  disaolveil  in 
nitric  acid  and  made  up  to  1  liter,  or  52-3  gm.  silver  nitrate  per 
liter.  If  made  direct  from  silver,  the  solution  must  be  well  boiled 
to  dissipate  nitrous  acid.     1  c.c.  =  Q-Ol  gm.  of  zinc. 

Ammonium  thiocyanate. — -Of  such  strength  that  exactly  3  cc. 
suffice  to  precipitate  1  c.c.  of  the  silver  solution. 

Ferric  indicator  and  pure  nitric  acid  (see  §  43.3  and  4). 

Hbthod  of  Pbocbdubb :  05  to  I  gm.  of  the  liuc  ore  is  ctisMlved  in  nitric 
add.  Eeavj  metals  are  removed  by  H,S,  iron  and  alumina  by  double  preci^ta- 
tion  with  ammonia.  The  united  filtrates  are  acidified  with  aoetio  acid,  and  HiS 
paased  into  the  liquid  until  sU  iiitia  is  precipitated  as  nulpbide.  Excess  of  H^ 
u  reDtoved  by  rapid  boiling,  so  that  a  drop  or  two  of  the  filtered  liquid  givea  no 
further  stun  on  lead  paper.  The  precipitate  in  then  allowed  te  settle,  decanted 
while  hot,  Uie  precipitate  broug-ht  on  >  filter  with  a  little  hot  water,  and  without 
further  WMhing^the  filter  with  iU  oontents  is  transferred  to  a  smalt  beaker, 
80-50  0.0.  of  hot  water  added,  well  stirred,  and  so  much  moist  silver  chloride 
added  as  is  judged  neoessary  to  decompose  the  sulphide,  leaving  an  excess  of 
silver.  Tbe  mixture  is  now  boiled  till  it  shows  signs  of  settling  clear ;  6  or  6 
drops  of  dilute  sulphuric  acid  (1  :  6)  are  added  to  the  hat  mixture,  and  in  a  few 
minutes  the  whole  of  the  ^inc  sulphide  will  be  converted  into  zinc  cbloride.  Tbe 
free  sulphur  Euid  eiceas  .of  silver  ohloride  are  now  SlCered  off,  washed,  and  the 
chloride  in  the  mixed  filtrate  and  washings  estimated  as  follows  :^ 

To  the  cool  liquid,  measuring  200  or  300  c.c,  are  added  fi  c.o.  of  ferric 
indicator,  and  so  much  pure  nitric  acid  as  is  necessary  to  remove  tbe  yellow 
colour  of  tbe  iroc.  A  mewured  excess  of  the  standard  silver  solution  is  then 
delivered  in  with  the  pipette,  and  without  filtering  off  the  silver  chloride,  or 
much  agitation,  so  as  to  clot  the  precipitate,  the  thiocyanate  is  cautiously 
added,  with  a  gentle  movement  after  each  addition,  until  a  permanent  light 
browD  colour  appears. 

The  volume  of  silver  solution  represented  by  the  thiocyanate  being 
deducted  from  that  originally  used,  will  give  the  volume  to  be 
calculated  to  zinc,  each  c.c.  being  equal  to  O'Ol  gm.  Zti. 

3.     Freoipltatioii  aa  Sulphide  and  subsequent  titration  with 

Ferric  Salts  and  Permanganate  (Sohwarz). 

Tbo  principle  of  this  method  is  baaed  on  the  fact,  that  when  zinc 
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sulphide  is  mixed  with  ferric  ehloride  and  hydrochloric  acid,  or  better 
still,  with  ferric  sulphate  and  sulphuric  acid,  ferrous  or  linc  chloride, 
or  sulphates  respectively,  and  free  sulphur  are  produced.  If  the 
ferrous  salt  so  produced  is  estimated  with  permanganate  or  bichromate, 
the  proportional  quantity  of  zinc  present  is  ascertained.  2  eq.  Fe 
represent  1  eq,  Zn. 

Preparation  of  the  Ammoniooal  Zinc  Solution.— In  the  owe  of 

rich  orea  1  gm..  ind  poorer  quilities  2  gm.,  of  the  finely  powdered  material  are 
placed  into  a  Rnutll  wide-mouthed  Baak,  and  treated  with  UCl,  to  which  a  little 
nitric  acid  is  added,  the  mixture  is  warmed  t«  promote'  Kolution,  and  when  Ihia 
baa  occurred  the  eicen  of  acid  is  evaporated  by  continued  heat.  If  lead  is  present, 
a  few  drops  of  concentrated  sulphuric  acid  are  added  previous  to  complete  drynesB, 
iD  order  to  render  the  lead  insoluble;  thereeidueisihenextracted  with  water  and 
filtered.  Should  metals  of  the  fifth  or  sixth  gronp  be  present,  they  must  be 
removed  by  HjS  previous  to  the  followinf;  treatment.  The  solution  will  contaia 
iron,  and  in  some  cases  manganese.  If  the  iron  is  not  already  fully  oxidized,  the 
solution  must  be  boiled  with  nitric  acid ;  if  only  traces  of  manganese  are  present, 
a  few  drojis  of  bromized  HCl  should  be  added.  When  cold,  the  solution  may  be 
further  diluted  if  necessary,  and  then  super-aalurated  with  ammonia  to  precipitate 
the  iron ;  if  the  proportion  of  this  metal  is  small,  it  will  suffice  to  Giter  off  and 
wash  the  oxide  with  ammoniacal  warm  water,  till  the  washings  give  no  precipitate 
of  zino  on  adding  ammonium  sulphide.  Owing  to  the  fact  that  this  iron 
precipitate  tenaciously  holds  about  a  fifth  of  its  weight  of  zinc,  it  will  be 
nece*i=ary  when  the  proportion  is  large  to  redissolve  the  partly  washed  precipitate 
in  HCl,  and  reprecipitate  (best  aa  tMsic  acetate) ;  the  filtrate  from  this  second 
precipitate  is  added  to  the  original  sine  filtrate,  and  the  whole  made  up 
to  a  liter. 

Hbthod  of  PbOcedube:  The  ammoniacal  tine  solution  (prepared  as  described 
above)  Is  heated,  and  the  rinc  precipitated  in  a  tall  beaker,  with  a  slight  excess  of 
sodium  or  aniinonium  sulphide,  then  covered  closely  with  a  glass  plate,  and  set 
aside  in  a  warm  place  for  a  few  hours.  The  clear  liquid  is  removed  by  a  syphon, 
and  hot  water  containing  some  ammonia  again  poured  over  the  precipitate, 
allowed  to  settle,  and  again  removed,  and  the  washing  by  decantation  repeated 
tbree  or  four  times ;  finally,  the  precipitate  is  brought  upon  a  tolerably  large  and 
porous  filler,  and  well  washed  with  warm  water  containing  ammonia,  till  tbe 
washings  no  longer  discolour  an  alkaline  lead  solution.  The  filter  pump  may  be 
used  here  with  great  advantage. 

The  filter  with  its  contents  is  then  pushed  through  the  funnel  into  a  lar^ 
llasli  containing  a  sufficient  quantity  of  ferric  sulphate  mixed  with  sulpbuno 
acid,  immediately  well  slopped  or  corked,  gently  sl^en,  and  put  into  a  warm 
place  ;  after  some  time  it  should  be  again  well  shaken,  and  set  aside  quietly 
for  about  ten  minutes.  After  the  action  is  all  over  the  mixture  should  posrees  a 
yellow  colour  from  the  prebcnce  of  undeconipofed  ferric  ealt;  when  the  cork  or 
stopper  IN  lifted  there  should  be  do  odour  of  H^.  The  flask  Is  then  nearly  filled 
with  cold  distilled  water,  it  necessary  some  dilute  sulphuric  acid  added,  and  the 
contents  oF  the  flask  titrated  with  permanganate  or  bichromate  as  usual. 

The  free  sulphur  and  filter  will  liave  no  reducing  effect  tipon  the 
permanganate  if  the  sohition  l>e  cool  and  very  dilute, 

3.  Precipitation  by  Standard  Sodium  Sulphide,  with  Alkaline 
Lead  Solutiou  as  Indicator  (applicable  to  most  Zino 
Ores  and  Products). 

The  atnmoniacsl  solution  of  zinc  is  prepared  Just  as  previously 
described  in  Schwarz's  method. 

Standard  sodium  sulphide.— A  portion  of  caustic  soda  solution  is 
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saturated  with  Hj8,  sufficient  Eoda  added  to  remove  the  odour  of  the 
free  gas,  and  the  whole  diluted  to  a  convement  strength  for  titratnig., 

Staudard  zinc  Boiution. — 44*12  gm.  of  pure  zinc  sulphate  are' 
dissolved  to  the  liter.  1  c.c.  will  then  contain  O'Ol  gm.  of  metallic 
zinc,  and  upon  this  solution,  or  one  prepared  from  pure  metallic  zinc 
of  the  same  strength,  the  sulphide  solution  must  be  titrated. 

Alkaline  lead  indicator. — Is  made  hy  heating  leather  lead  acetate, 
tartaric  acid,  and  caustic  soda  solution  in  excess,  until  a  clear  solution 
is  produced.  It  is  preferable  to  mix  the  tartaric  acid  and  soda 
solution  first,  so  as  to  produce  sodium  tartrate ;  or  if  the  latter  salt  is 
at  hand,  it  may  be  used  instead  of  tartaric  acid.  Some  operators  nse 
sodium  nitropruBside  instead  of  lead. 

UETHon  OF  Fbocedubb  :  60  cc.  of  linc  eolution  (  — 0'5gm,Zn)  ue  put  into 
a  beaker,  &  miitare  of  solutioM  of  ammonia  and  smmoDium  carbonkte  (3  of  Ox 
former  to  about  1  ot  the  latter)  added  in  Fufflcient  quantitj  to  rediseotve  the 
precipitate  which  first  forms.  A.  few  drops  of  the  lead  solution  are  then,  bj 
means  of  a  glaw  rod,  placed  at  some  distance  trom  each  other,  on  filtering  paper, 
laid  upon  a  slab  or  plate. 

The  Folution  of  sodium  sulphide  attained  in  an  ordinary  Mohr's  boreUe  is 
then  tuifered  to  flow  into  the  zinc  solution  until,  on  bringing  a  drop  from  the 
miiture  and  placing  it  upon  the  filtoriD^  paper,  bo  that  it  ma;  expand  and  lua 
into  the  drop  of  lead  solution,  a  blaclc  line  occurs  at  the  point  of  contact ;  'the 
reaction  is  very  delicate.  At  Sxet  it  will  be  difficult,  probably,  to  hit  the  uact 
point,  but  a  second  trial  with  25  or  50  c.c.  of  zinc  solution  will  enable  tiie 
operator  to  be  certain  of  the  corresponding  strengUi  of  the  sulphide  solution. 
As  (his  latter  is  always  undergoiog  a  slight  chaise,  it  is  neceesarj  to  titrate 
oocasionallr. 

Direct  titntion  with  pure  linc  solution  gave  W'O  and  loo's,  instead  ot  100. 

Groll  recommends  the  use  of  nickel  protochloride  as  indicator, 
instead  of  sodium  nitroprusside  or  lead.  The  drops  are  allowed  to 
flow  together  on  a  porcelain  plate ;  while  the  point  of  contact  shows- 
a  blue  or  green  colour  the  zinc  is  not  all  precipitated  by  the  sulphide, 
therefore  the  latter  must  be  added  until  a  grejish  blade  colour  appears' 
at  contact. 

4.    FraoipitatiDn  as  Sulphide  with  Ferric  Indicator    ; 
(BotaafTtLer). 

.  Schaffner'a  modification  of  this  process,  and  which  is  used 
constantly  at  the  laboiatory  of  the  Vieille  Montt^e  and  the 
Rhenish  Zinc  Works,  is  conducted  as  follows : — For  ores  containing 
over  35  per  cent,  zinc,  0'5  gm.  is  taken ;  for  poorer  ones,  1  pn.  to 
2  gm.  Silicates,  carbonates,  or  oxides  are  treated  with  hydrochloric 
acid,  adding  a  small  proportion  of  nitric  acid  at  boiling  heat  to 
peroxidize  the  iron.  Sulphur  ores  are  treated  with  aqua  roffia, 
evaporated  to  dryness,  and  the  zinc  afterwards  extracted  by  hydro- 
chloric acid ;  the  final  ammoniacal  solution  is  then  prepared  as 
described  on  page  352. 

Uethod  of  Fbocedcrb:  The  titration  is  made  with  a  solution  of  sodium 
sulphide,  1  o.c.  of  which  should  equal  about  O'Ol  gm.  Zn.  TheTieille  MoiitagDe 
laboratory  uses  terriu  chloride  as  an  indicator,  according  to  Schaffner's  method. 
Par  this  purpose  a  tingle  drop  or  some  few  drops  of  this  chloride  are  let  fall  into 
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thd  i^monifical  solution  of  line.  The  iron  which  has  been  added  is  at  once 
oonverted  into  red  fl&lcei  of  hjdisted  ferric  oxide,  which  float  at  the  bottom  of 
the  fljLBlc.  If  sodium  tiulphide  be  dropped  from  a  burette  into  the  solutioa  of 
lino,  a  white  precipitate  of  zinc  sulphide  is  at  once  thrown  down.  Kud  the  change 
in  the  colour  of  the  fl&lies  of  iron  from  red  t«  black  shows  the  moment  when  ^1 
the  lino  is  sulphuretted,  and  the  titration  is  ended.  It  is  advisable  to  keep  the 
solution  for  titratioo  at  from  40^*  to  W  C.  Titratiou  carried  out  under  exactly 
equal  conditions,  with  a  known  and  carefully  weighed  proportion  of  zino,  gives 
oompaistive  data  for  calculation,  and  thus  for  the  determination  of  the  contents 
of  anj  xinc  solution  bj  moans  of  a  simple  equation.  It,  tor  example,  30*46  o.o. 
of  sulphide  have  been  used  to  precipitate  0'26  gm.  of  line,  1  o.c.  of  it  will 
preoipilBte  8'Sl  tn.gm.  of  zinc  {80-4B  :  O'26-l  :  x,  and  therefore  jt-O-OOSal). 

The  foUowing  method  ia  adopteil  in  tlie  laboratory  of  a  well-known 
copper  works  in  Wales  : — 

Reduce  the  sample  to  fine  powder,  and  dry  at  a  temperature  of  about  1(B°  C. 
IMsBolve  0*6  Km.  of  the  sample  thus  prepared  in  aqua  rtgia,  evaporate  nearly  to 
drynces,  take  up  with  hut  water,  add  20  o.c.  of  animonia  and  10  c.c.  of  a  solution 
of  ammoaium  carbonate  (1  to  lU),  then  a  few  drops  of  solution  of  pennan)^ate 
ta  precipitate  lead  and  manganese.  Now  heat  nearly  to  boiling-point  and  filter 
into  a  larger  flask,  wash  the  precipitate  well  with  hot  water  oontaining  ammonia 
until  a  drop  of  the  washings  shows  no  reaction  with  sodium  sulphide.  The 
volume  of  the  filtrate  and  washings  should  be  about  250  c.c,,  and  the  temperature 
about  60°  C.  Now  titrate  with  a  standard  solution  of  sulphide.  The  most 
oonvenient  strength  is  TO  c,c.=0'6  gm.  of  pure  zinc,  heat  the  sample  lii^uid 
almoit  to  boiling-point,  and  add  not  quite  enough  sulphide  solution  to  precipitAle 
tiie  whole  of  the  zinc.  Now  t«keadn)p  of  a  dilute  solution  of  ferric  chloride,  and 
let  it  fall  into  a  small  beaker  containing  a  few  dropa  of  dilute  ammonia,  wash  the 
whole  contente  of  the  beaker  into  the  assay,  and  continue  titrating  slowly  and 
cautiously,  at  last  adding  the  sulphide  solution  by  01  c.c.  at  a  time,  while 
continually  agitating  the  fUsk  until  the  ferric  oxide  at  the  bottom  of  the  Bask 
be^ns  io  turn  black  when  the  assay  is  finished . 

The  number  of  o.c.  of  sulphide  solution  used  is  noted.  In  order  to  determine 
the  strength  of  the  sulphide  solution,  neigh  06  gm.  pure  linc,  place  this  in  a 
flask,  dissolve  in  10  o.c.  of  HCt,  and  add  some  hot  water,  20  c.c.  of  ammonia,  and 
10  cc,  of  ammonium  carbonate  as  above,  and  fill  up  with  hot  water  to  about 
250  cc  Then  titrate  with  the  sulphide  solution  as  described.  From  the 
number  of  cc.  used  for  the  0*6  gm.  pure  zinc  (standard),  and  the  number  used 
for  the  sample,  the  line  contents  of  the  latter  can  Ik  easily  calculated. 

The  copper  present  in  blendes  and  calamines  does  not  usually  exceed  0'5  per 
cent.  It  may  be  estimated  colorimetrically,  and  the  amount  deducted  from  the 
total  produced. 

If  any  considerable  amount  bf  copper  or  other  impurities  be  present,  they 
must  be  separated  by  the  ordinary  well-known  methods.  In  order  to  obtain 
greater  accuracy  a  correction  is  Dude  by  measuring  the  volume  of  the  liquid 
after  the  assay  is  finished,  and  deducting  0'6  c.c.  from  the  sulphide  solution  used 
for  every  100  c.c.  of  the  volume  of  the  a'waj- ;  this  correction  is  equally  applied 
to  the  !<tand>rd.  Experiments  have  shown  tliat  oxide  of  iron  prepared  as 
described  above  placed  in  100  c.c.  of  distilled  water  containing  ammonia,  requires 
0'6  c.c,  of  a  sulphide  solution  of  the  above  strength  to  turn  distinctly  black. 

The  essential  point  in  this  volumetric  process  practised  at  the 
Yieille  Montague  is  the  perfect  iinifonuity  of  working  adopted  in  the 
assays  with  reference  to  the  volume  of  the  solutions  and  reagents 
used  and  the  colour  of  the  indicator.  In  titrating,  the  same 
quantities  of  ferric  chloride,  hydrochloric  ai'id,  and  ammonia  are 
steadily  used.  "NVork  is  done  always  at  one  temperature  and  in  the 
same  time,  particularly  at  the  end  of  the  operation,  when  tlie  iron 
hegins  to  take  on  that  characteristic  colour  which  the  flakes  take  at 
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the  edges — points  which  should  not  be  overlooked.  As  a  further 
precaation,  the  titrating  apparatus  is  provided  in  duplicate,  two  assays 
beir^  always  made.  It  permits  the  execution  of  several  titiationa 
without  the  necessity  of  a  too  frequent  renewal  of  aodium  sulphide, 
which  is  stored  in  a  yellow  flask  of  large  capacity  supplying  two 
Mohr'a  burettes,  under  wliicli  the  beakers  can  be  placed  and  warmed.' 
A  mirror  shows  by  reflection  the  iron  flakes  which  settle  down  after 
shaking  the  liquid. 

Too  much  stress  cannot  be  laid  upon  tJie  necessity  of  standardizing 
the'  sodiilm  sulphide  under  the  same  conditions  as  to  volume  of  fluid, 
proportions  of  NK^  and  HCl,  &ni  colour  of  the  indicator,  as  will 
actually  occur  in  the  analysis. 

The  chief  difficidty  in  this  sulphide  process  is  the  end-point 
E.  G.  Ballard  has  recommended  a  good  plan  for  ascertaining  this 
(/.  S,  C.  /.  xvi.  399),  the  following  being  his  own  words  ; — 

"  I  have  found  the  foUoirin^  metbod  vety  delicate  snd  r&pid  in  determining. 
the  end  ot  the  titration,  and  it  u  based  upon  the  fact  that  the  suspeoded  sulphide 
of  lino  bss  no  action  on  metallic  silver,  whereas  the  Bmallest  excess  of  sulphide  in 
the  solution  will  produce  a  stain  upon  a  bright  silver  surface.  A  small  bright 
plate  of  silver  is  procured,  and  at  intervals  during  the  titration  a  drop  of  the 
lino  solution  cofataining  suspended  ZoS  is  takeu  out  on  a  gUss  rod  ana  placed 
upon  the  silver  plate  and  allowed  te  remain  there  for  10  lo  £0  seconds.  No 
hlaokening  of  the  silver  surface  occurs  until  there  is  an  ezoess  of  sulphide 
preeent,  when  the  stain  upon  the  silver  plate  is  evident  at  onoe,  and  the  titration 
may  he  eonsidered  finished. 

The  number  of  drops  of  the  sbindard  solution  of  sulphide  required  to  produce 
the  slain  in  the  time  mentioned,  may  be  ascertained  in  a  quaatity  of  water  equal 
in  bulk  to  that  of  the  zinc  solution  operated  upon,  and  afterwards  deducted  from 
tiie  total  used  in  calculating  the  result,  One  port  of  Na^  in  20,000  of  water 
will  produce  a  stain. 

Another  way  to  use  the  silver-plate  indicator  is  to  run  in  the  mlpbide  to  small 
eioess,  and  then  titrate  back  with  a  solution  of  sine  of  known  strength,  watching 
the  disappearance  of  the  stain  on  the  silver  plate  in  this  instance.  Time  is  thus 
gained  when  testing  a  substance  conlaining  an  unknown  quantity  of  line  for  the 
fint  time,  but  in  cn^es  where  the  amount  is  approximately  known,  the  former 
method  suffices,  the  greater  part  of  the  sulphide  being  run  in  at  once,  and  the 
silver-plate  indicator  applied  during  the  addition  of  the  last  portions  only. 

Pbecautioh  :  Although  it  bos  been  stated  that  the  precipitated  sulphide  of 
zinc  has  no  aotion  upon  the  silver  plate,  yet  in  the  presence  of  a  large  excess  of 
ammonia  in  the  cold  there  is  a  slight  action ;  therefore  it  is  desirable  to 
observe  the  precaution  to  avoid,  as  far  as  possible,  adding  more  ammonia  than  ia 
required  to  ^dissolve  the  precipitate  first  formed  in  rendering  the  solution  of 
sine  under  eiamluation  alkaline.  However,  if  the  temperature  of  the  solution 
of  sine  be  raised  to  about  1S0°  F.,  a  much  larger  excess  ot  ammonia  may  be 
added  without  interfering  irith  the  accuracy  of  the  test  or  the  final  estimation  of 
the  zinc.     Under  any  circumstances  I  prefer  titrating  the  solution  of  zinc  hot. 

The  first  appearance  of  the  stain  on  the  silver  plate  can  be  more  easily 
distinguished  in  a  diffused  -tight,  such  ss  (hat  reflected  from  a  sheet  of  white 
paper,  or  a  white  card,  and  more  especially  if  the  drop  be  removed  at  the  end  ot 
10  or  SO  seconds  by  means  of  a  sman  blotting  pad  or  piece  of  folded  filter-paper. 

A  jKircelsin  dish  is  the  most  convenient  vessel  in  which  to  perform  the 
titration.  Another  point  to  ensure  accuracy  is  to  be  careful  that  the  silver  plate 
is  dean  and  free  from  grease,  A  little  chalk  and  ammonia  is  useful  tor  this 
purpose." 

A-niethod  of  estimatin)>  zinc  hy  the  following  means  has  been 
adopted  bv  J.  K  Clennell  (C.  N.-  Ixxxvii.  121)  useful  for  ores  nnd 
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the  solutions  used  in  gold  extiaction  without  the  uee  of  an  externa] 
indicator,  as  is  the  case  with  the  usual  sulphide  and  ferrocyanide 
procesB. 

The  zinc  is  predpitated  by  means  ot  a  iolution  of  Bodium  nulpbide  of  known 
Htrength.  added  in  alight  excess,  the  eio««i  of  sulphide  being  then  determined  b; 
making  use  oC  the  reaction— 

Na^  +  2KAgCy,= Ag^  +  2NaCr  +  2KCj. 

The  solutions  required  aie^ 

Sodium  Siilpiide.—A  convenient  strength  being  about  0'2  per  cent.  N^. 

SUetr  DoabU  Cyan  trfe.~  Prepared  by  wldiaK  silver  nitrate  to  a  solution  of 
potassium  cyanide  (say,  2  or  8  per  cent.  KCy)  till  a  slight  permanent  precipitate 
of  AgCy  is  produced,  allowing  to  stand,  and  filtering. 

srivrr  iVifra'a.— Any  dilute  solution  of  known  strength.  A  convenient 
iluidaid  is  one  containing  6'315  gm.  AgNO,  per  liter,  1  cc,  being  equivalent  t« 
COOl  gn.  line. 

PoloMriim  Iodide.^1  per  cent,  solution. 

It  is  perhaps  advisable  alxo  to  have  a  standard  zinc  solution  prepared  from  pure 
metallic  sine  or  pan  zinc  sulphate,  and  containing  Q-S  or  1  per  cent.  Zn. 

Ubthod  of  Fboceduke  :  The  zinc  in  ores  or  aimiisr  eubstanoea  is  brought 
into  solution  in  the  ordinary  way,  and  the  liquid  made  strongly  alkaline  with 
caustic  soda  or  ammonia,  boiled,  diluted,  and  filtered  if  necessary.  lu  cyanide 
solutions,  the  sulphide  may  in  general  be  applied  direct  j  in  soma  cases,  however, 
it  may  be  necessary  to  remove  the  cyanogen  by  a  preliminary  operation. 

The  liquid  to  be  examined  is  miied  with  a  measured  volume  of  sodium 
sulphide,  slightly  in  excess  of  that  required  to  precipitate  the  whole  of  the  zinc 
The  liquid  is  well  shaken  in  a  stoppered  (Usk;  a  attle  lime  may  be  added  to 
promote  settlement.  The  whole,  or  an  aliquot  part,  is  then  filtered,  and  an 
excess  of  the  double  silver  cyanide  added.  The  precipitate  of  Ag^  geneially 
settles  rapidly,  and  in  easily  filtered  aud  washed  (occasionally  it  may  be  neoessary 
to  add  a  little  more  lime).  About  5  o.c.  of  the  1  per  cent.  &I  solution  are  added 
to  the  dltrate,aud  the  liquid  titrated  with  AgNO,  till  a  slight  yellowish  turbidity 
remMUs  permanent. 

1  gm.  KCy-0-3  gm.  Ns«8'i0'25  gm.  Zu. 

A  table  is  given  which  illustrates  the  results  of  titrations  made  by  this  method 
with  Bolutione  containing  known  quantities  of  sine. 

Id  three  trials  made  vrith  zinc  double  cyanide,  a  separate  portion  of  the 
original  liquid  wss  tested  in  the  ordinary  way  for  "  total  cyanide,"  t.s.,  by 
titration  with  silver  nitrate,  using  alkaline  iodide  indicator,  and  the  cyanide  so 
found  deducted  from  the  amount  shown  l>y  titration  after  adding  sodium 
sulphide  and  the  double  silver  salt.  In  another  test,  however,  the  cyanide  was 
precipitated  before  making  the  estimation  of  zinc,  by  adding  eicess  of  AgNO), 
and  then  a  few  drops  of  HCl  to  remove  excess  of  AgNU,,  boiling  and  filtering; 
making  strongly  alkaline  with  NaOH  before  adding  NiljS. 

In  presence  of  ferrocyanide  and  thiocyanate,  it  appears  to  be  necessary  to  make 
the  solution  strongly  alkaline  to  ensure  complete  precipitation  of  the  zino 
sulphide. 

S.  Estimation  as  Ferrocyanide. 
In  Aoetio  Aoid  Solution  (Galetti). — When  ores  containing  zinc 
and  iron  are  dissolved  in  aciil,  and  the  iron  precipitated  with  ammonia, 
the  ferric  oxide  invariably  carries  down  with  it  a  jiortion  of  zinc,  and 
it  is  only  by  repeated  precipitation  that  the  complete  separation  can 
be  ma<le.  In  this  process  the  zinc  is  converted  into  soluble  aceUte, 
and  titrated  by  a  standard  solution  of  potassium  ferrocyanide  in  the 
]>reaence  of  insoluble  ferric  acetate. 
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The  standard  aolutioa  of  potassium  feirocyanide,  as  used  by 
Galetti,  contains  41 -250  gm.  per  liter.  1  c.c.=00l  gm.  Zn,  but  its 
actual  voridng  power  must  be  fixed  by  experiment 

Standard  zinc  solution,  10  gm.  of  pure  metallic  zinc  per  liter 
disaolved  in  hydrochloric  acid. 

The  process  is  available  in  the  preeence  of  modeiate  quantities  of 
iron  and  lead,  but  copper,  manganese,  nickel,  and  cobalt  must  be 
absent. 

The  adjustment  of  the  ferrocyanide  solution  (which  should  be 
freshly  prepared  at  short  intervals)  must  be  made  in  precisely  the 
same  way,  and  with  the  same  volume  of  liqiiid  as  the  actual  analysis 
of  ores,  and  is  best  done  as  follows  : — 

26  c.c.  of  zinc  solution  are  measured  into  a  beaker,  IS  c.c.  of  liquid  ammoDis 
of  sp.  gr.  0-900  added  to  reader  the  Bolution  alkaline,  then  verf  auitiously 
acidified  nitb  acetio  acid,  and  50  c.c.  of  acid  ammoaium  acetate  (made  by  adding 
together  20  c,o.  of  ammonia  of  sp.  gr.  0-900,  16  c.c.  of  concentrated  acetic  acid 
and  66  c.c.  of  distilled  water),  which  ix  poured  into  the  mixture,  tben  diluted  to 
260  c.c,  and  warmed  to  about  60°  C.  The  titration  is  Uien  made  with  the 
ferrocyanide  solution  by  adding  it  from  a  burette  until  the  whole  of  the  line  is 
precipitated.  Qaletti  judges  the  ending  of  the  praoesa  from  the  first  change  of 
colour  from  white  to  ash  grey,  which  occurs  when  the  ferrocyanide  is  in  eiceas ; 
but  it  IB  beet  to  ascertain  the  ending  b;  taking  dropB  from  the  solution,  and 
bringing  them  id  contact  with  solution  of  uranium  acetate  on  a  white  plate  until 
a  taint  brown  colour  appears.  The  ferrocyanide  solution  should  be  of  auch 
■trength  that  meMure  for  mewure  it  agrees  with  the  standard  lino  solution. 

In  examining  oresof  zinc,  such  as  calamine  and  blende,  Galetti  takes  0*6  gm. 
for  the  analysis,  and  makes  the  solution  up  to  500  c.c.  Calamine  is  at  once 
treated  with  HCl  in  sufficient  quantity  t«  bring  it  into  lolation.  Blende  is 
treated  with  agwa  regia,  and  evaporated  with  eicess  of  HCl  to  remove  nitric 
acid.  The  solutions  of  zinc  so  obtained  invariably  contain  iron,  which  U^ther 
with  the  line  is  kept  in  solution  by  the  HCl,  but  to  insure  the  peroxidation  of 
the  iron,  it  is  always  advisable  to  odd  a  little  potassium  ohloi^te  at  a  bailing  heat 
during  the  extraction  of  the  ore.  The  hydrochloric  solution  is  then  diluted  to 
about  100  CO.,  3Q  c.c  of  ammonia  added,  heated  to  boiling,  exactly  neutralized 
with  acetio  acid,  100  c.c.  of  the  acid  ammonium  aoetate  poured  in,  and  diluted  to 
about  500  c.c.  The  mixture  as  prepared  will  contain  all  the  zinc  in  solution,  and 
the  iron  will  be  precipitated  as  acetate.  The  titration  may  at  once  be  proceeded 
with  at  a  temperature  of  about  BO^  to  60°  C.  by  adding  the  ferrocyanide  until 
the  necessary  reaction  with  uranium  is  obtained.  As  before  mentioned,  Galetti 
takes  the  change  of  colour  ta  the  ending  of  the  procem,  and  when  iron  is  present 
this  is  quite  distinguishable,  but  it  requires  considerable  practice  to  rely  upon, 
and  it  18  therefore  safer  to  use  the  uranium  indicator.  When  using  the 
uranium,  however,  it  is  better  to  dilute  the  zinc  solution  less,  both  in  the 
adjustment  of  the  standard  ferrocyanide  and  the  analysis  of  ores.  The  dilution 
is  neceaary  with  Galetti's  method  of  ending  the  process,  but  half  the  volume 
of  liquid,  or  even  less,  is  better  with  the  external  i»nat«r. 

Ill  Hydrochloric  Acid  Solution  (Fahlberg).— This  method  is 
not  available  in  the  presence  of  iron,  copper,  nickel,  cobalt,  or 
manganese. 

Both  these  processes  have  been  thorouglilv  investigated  by  L.  de 
Koninck  and  E.  Prost  (Z.  a.  G.  1896,  460,  also  V.  N.  Ixxvi.  61 
with  a  view  to  ascertain  the  exact  reactions  which  take  place  in 
adding  potassium  ferrocyanide  to  a  solution  of  zinc.  The  reaction 
takes  place  somewhat  slowly ;  therefore  there  may,  at  first,  be  an 
excess  of  ferrocyanide  as  proved  by  the  uranium  reaction.      Soon, 
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however,  this  excess  disappeaia,  as  an  insoluble  double  compound  of 
zinc  and  potassium  ferrocyanide  is  formed.  The  direct  titration  of 
zinc  by  means  of  potassium  ferrocyanide  is,  therefore,  not  to  be 
recommended.  The  following  is  found  by  the  authors  to  give  trusts 
worthy  results. 

Method  of  Fboceddbe  :  10  gm.  of  pure  zino  are  dissolved  in  hydrochloric 
send,  nearly  neutraliied  with  soda,  and  made  up  t«  1  liter.  27  gm.  of  potamium 
ferrocyanide  are  dissolved  in  a  liter  of  water.  These  tiolutions  are  then  checked 
by  niiiing  20.c.c.  of  the  zinc  solution  with  SO  c.o.  of  a  2U  per  cent,  solution  of 
ammonium  chloride,  two  drops  of  a  10  per  cent.  Mlution  of  sodium  sulphite,  and 
10  c,c,  of  hydrochloric  acid  (sp.  gr.  1076) ;  the  ziuc  solution  must  be  loeMured 
from  an  accurate  pipette,  but  the  others  are  otilr  roushly  measured.  40  c.o, 
eiactly  of  the  ferrocyanide  solution  are  now  added,  and.  after  being  left  for  at 
least  t«n  minutes,  the  excess  is  titrated  with  the  zino  solution  until  the  uranium 
reaction  is  no  longer  obtained.  The  relation  between  the  ilnu  and  the  ferro- 
ej-anide  is  thus  determined. 

The  estimation  of  zino  in  any  of  its  ores  is  as  follows :— 2'G  gm.  of  the  sample 
are  dissolved  in  nitrohydrochloric  acid  and  evaporated  to  dryness  to  reader  any 
silica  insohible,  the  residue  being  taken  up  with  5  c.c,  of  hydrochloric  acid  and  a 
little  water.  The  filtrate  from  this  is  freed  from  lead,  cadmium,  etc.,  by  a 
current  of  hydrogen  sulphide,  boiled  to  expel  the  gas,  and,  after  cooling,  miied 
with  25  c.c.  of  saturated  bromine  water.  After  pouring  the  liquid  into  a  &00  c.c. 
flask,  containing  100  c  c.  of  ammonia  (sp.  gr.  0'9),  and  10  c.o.  of  a  25  per  cent, 
solution  of  ammonium  bicarlMnate,  it  is,  when  cold,  made  up  to  the  mark. 

When  the  precipitate  has  quite  settled,  (he  liquid  is  passed  through  a  dry 
niter.  100  c.c.  are  then  plotted  off,  acidified  with  hydrochloric  ndd,  and 
titrated  with  the  ferrocyanide  in  the  way  described. 

Maxwell  Lyte,  who  used  the  original  method  of  Fahlherg, 
gives  the  following  method  of  treating  a  blende  containing  lead, 
copper,  and  iron  in  small  quantities  (C.  N.  xxi.  222) : — 

2  ^.  of  finely  powdered  ore  were  boiled  with  strong  HCl  and  a  little  KClOj, 
tlie  insoluble  matter  again  treated  in  like  manner,  the  solutions  mixed  and 
evaporated  somewhat,  washed  info  a  bsaker.  cooled,  and  moist  barium  carbonate 
added  to  precipitate  iron,  copper,  etc.,  allowed  to  stand  a  few  hours,  then  filtered 
into  a  200  c.c.  flask  coutaining  10  c.o.  of  Strong  HCl,  and  washed  until  the  exact 
measure  was  obtained.  20  c.c.  ( =0'2  gm.)  of  bleude  were  measured  into  a  small 
beaker,  diluted  with  the  same  quantity  of  water.  S  drops  of  uranio  solution  added 
as  indicator,  and  the  ferrocyanide  delivered  in  from  a  burette.  When  70  c.o. 
were  added  the  brown  tinge  disappeared  slowly ;  the  testing  on  a  white  plate  was 
then  reeorted  tc,  and  the  ferrocj-anide  added  drop  hy  drop,  until  the  proper  effect 
occurred  at  73  c,c.  As  a  slight  eiceta  of  ferrocyanide  was  necessary  l«  produce 
the  brown  colour,  0'2  c.c.  was  deducted,  leaving  TZ'B  c.c.  as  the  quantity  necessary 
to  precipitate  all  the  sine.  The  0'2  gm,  of  blende  therefore  contained  0*0723  gm. 
of  Zu  or  36'4  per  cent. 

The  sample  in  question  contained  about  2-7  per  cent,  of  copper,  but 
this  was  precipitated  with  the  iron  by  the  barium  carbonate ;  had  it 
contained  a  larger  quantity,  the  process  would  not  have  been  available 
unless  the  copper  was  removed  by  other  means. 

Mahon  {Amer.  Chem.  Jimm.  iv.  53)  usee  the  ferrocyanide  m^hod 
much  in  the  same  way  as  above  dascribed,  but  finds  that  Ttlti  must  be 
absent  to  ensure  good  results.  In  the  presence  of  M«  he  se|>arate8 
the  Zn  from  a  strong  acetic  solution  with  H^S,  The  sulphide  is  then 
dissolved  in  HCl  and  titrated  as  before. 

A  modification  of  tlie  ferrocyanide  metbwl  so  as  to  be  available  for 
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ihe  estimation  of  both  zinc  and  manganeBe  in  the  presence  of  each 
other  has  been  devised  by  G,  C,  Stone  (J.  Am.  C  S.  xvii.  437), 

The  standard  solutions  required  are  :— 

Potassium  ferrocyanide,  about  30  gm.  per  liter.  Its  actual  working 
strength  is  found  by  titrating  it  upon  a  known  weight  of  either  zinc 
or  manganese  in  slightly  acid  solution,  using  a  very  dilute  solution  of 
cobalt  nitrate  as  outside  indicator.  A  correction  is  mode  in  all  cases 
for  the  amount  of  ferrocyanide  required  to  give  the  reaction  with  the 
indicator,  and  may  be  taken  as  0'5  c.c.  for  every  100  c.c.  of  the 
solution  titrated. 

Potassium  [lermanganate,  1*99  gm.  of  the  pure  salt  per  liter. 
1  c.c.  -  1  m.gm.  of  Mil. 

The  end-point  of  reaction  with  the  indicator  is  found  by  placing 
ilrops  of  the  cobalt  solution  on  a  white  tile,  and  bringing  a  drop  of 
the  liquid  under  titration  in  contact  with  it,  but  not  actually  mixing. 
The  occurrence  of  an  immediate  faint  green  line  at  the  junction  of  the 
drops  is  accepted  as  the  correct  reading. 

Method  of  Pkocedube  :  The  ore  is  dissolved  in  HCl  with  the  addition  of 
KClOj  M  sD  oiidiier,  and  care  must  be  taken  to  faave  snfficient  acid  to  keep  all 
the  manganese  in  solution. . 

Lead  alone  need  not  be  sepuated ;  copper  can  be  precipitated  by  lead ;  or 
lead  uid  copper  can  both  be  precipitated  by  aliuninium.  Csdmium  should 
be  precipitated  by  HjS,  and  the  filtrate  oiidized.  Iron  and  aluminium  are 
beet  separated  by  barium  carbonatA,  but  the  latter  must  be  free  from  alkaline 
carbonates  and  hydroxides,  barium  hydroxide,  and  annnoniuin  mite.  A  salt 
sufficiently  pure  for  the  purpose  may  be  obtained  by  suspending  the  ordinary 
pure  carbonate  (Srst  proved  free  from  amiRonium  salte)  in  warm  water  for 
several  hours  with  2  or  3  per  cent,  of  its  weight  of  lurium  chloride. 

The  well  jjxjdiied  solution  of  the  ore  is  put  into  a  600  c.c.  flask,  luid  barium 
carbonate  suspended  in  water  added  until  the  precipitate  coagulates.  The  whole 
is  then  poured  into  a  beaker,  well  mixed,  allowed  to  settle,  and  the  clear  liquid 
decanted  through  a  dry  filter,  and  diluted  to  600  c.c  Portions  of  60,  100  or 
200  c.c.  of  the  filtrate  are  used  for  each  titration.  One  portion,  which  should 
contain  between  0*01  nnd  004  gm.  of  manganese,  is  diluted  to  200 cc,  heated 
nearly  to  boiling  in  a  porcelain  dish,  and  titrated  rapidly  with  permanganate 
with  vigorous  stirring. 

A  second  portion  is  made  slightly  acid  with  hydrochloric  acid,  the  linc  and 
manganese  are  titrated  together  in  the  cold  nith  ferrocyanide ;  the  dark  oolour 
of  the  precipitato  suddenly  changes  to  light  yellowish  green  shortly  before  the 
end  of  the  reaction.  It  is  not  necessary  to  test  with  the  cobalt  solution  until 
1  or  2  0  c.  of  the  ferrocyanide  have  been  added  after  the  lightening  of  the 
precipitate. 

EziMPLE :  1  CO.  of  the  ferrocyanide  solutioo  equalled  000608  gm.  of  zinc,  or 
O'OOSSl  of  manganeee;  1  c.c.  of  the  permanganate  e<]uBlled  O'OOl  gm.  of 
manganese.  2i  gm.  of  the  ore  were  dissolved,  and  the  iron  precipitated  and 
filtered  out.  SO  c.c.  of  the  solution  were  diluted,  heated,  and  titrated  with 
permanganate,  requiring  18'46  c.c.^7'38  per  cent,  of  manganetie.  100  c.c. 
titrated  with  ferrocyanide  required  27"85  c.c.  of  which  961  c.c.  would  be  used  by 
the  manganese  present.  Uedacting  this,  18'24  c.c.  was  left  for  the  zinc,  equal  to 
011053  gm.,  or  22-11  percent.  The  amounts  of  zinc  and  manganetw  as  determined 
gravimetrically  were  22-05  and  7-58  per  cent,  respectively. 

6.    Estimation  as  Zinc  Ammoniiun  FhoBphate. 

The  method  has  been  devised  by  P.  H.  Walker  (J.  Am.  C.  A'. 
1901,  23,  [7],  468—470).     This  process  is  a  modification  of   that 
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devised  by  Stolba  for  the  detenuinalaoii  of  magneeium,  and  is  carried 
out  as  follows : — 

To  Uie  line  tolutioo,  which  should  coDteio  Mnmonium  chloride,  a  1»^  eioew 
of  smmania  it  ftdded,  then  *  targe  eioeaa  of  sodiam  phosphate  eolution. 
Hydroohlorio  acid  is  dow  ^^laduallj  added  until,  after  stiiring,  tlie  Bolution 
ramains  milky,  when  the  liquid  is  heat«d  to  about  75°  C,  and  the  giadukl 
addition  of  acid  oontinued,  with  oonilant  Btirring',  until  neulj  complete 
neutralisation  is  attained.  By  this  means  the  precipitate  becomes  crjBl^ine, 
and  after  five  minutes'  standing  it  should  be  filtered  off  and  waBbed  with  cold 
wat«r  until  the  waBhings  showed  only  a  faint  trace  of  chlorine.  The  filter  paper 
and  precipitate  are  now  returned  to  the  b««lier  in  which  the  precipitation  was 
oairied  out,  in  excess  of  standard  acid  added,  and  the  exact  point  of  neutraUtj 
determined  b;  meann  of  standard  allcali,  using  methjl  orange  as  indicator.  From 
the  equation — 

ZnNHiPO,  +  H^0«  -  ZnSO.  +  N  H.H,PO. 
it  is  seen  that  1  c.c.  of  norma]  acid  oorreapondB  with  32'7  m.gm.  of  tine.  The 
method  gives  good  result*.  Since  the  sine  ammonium  phoehate  is  not 
precipitated  in  presence  of  a  large  excess  of  ammonia,  an;  magnesium  present, 
which  trill  be  precipitated,  maj;  be  removed  br  filtration,  and  the  filtrate 
neutralized  to  throw  down  Ute  zinc  IVirly  good  ttsuits  are  obtained  by  this 
method  also  in  the  presence  of  iron,  calcium,  and  magnesium,  but  any  manganese 
mtut  be  previously  separated,  best  by  means  of  nitric  acid  and  potassium 
chlorate. 

7.    Estimation  of  Zinc  as  Oxalate. 

This  method  is  based  on  the  foot  that  all  the  metals  of  tlie  magnesia 
group  are  precipitated  in  the  absence  of  alkaline  ^alts  hj  oxalic  acid, 
with  the  addition  of  alcohol.  The  cases  are  very  few  in  which  auch 
a  method  can  be  made  available,  but  the  process  as  described  by 
W.  G.  Leison  (SilUman's  Joufn.  Sept.  1870)  is  here  giyen. 

The  line  compound  ie  obtained,  preferably  as  sulphate,  in  neutral  solution,  and 
strong  solution  of  oxalio  acid  and  a  tolerable  quHOlity  of  strong  alcohol  are 
added.  Zinc  oxalate  quickly  separates  in  a  fine  cryetaltme  powder,  which  when 
washed  by  alcohol  from  excess  of  oxalic  acid  and  dried,  um  be  dissolved  in  hot 
dilute  Bulpburio  acid,  and  titrated  with  permanganate ;  the  amount  of  zinc  in 
calculated  from  the  weight  of  oxalic  acid  so  found.  If  the  zinc  oxalate  be 
washed  on  a  paper  filter,  it  cannot  t)e  separated  from  the  paper  without  con- 
tamination with  fibres  of  that  material,  which  would  of  course  affect  Xa  some 
extent  the  permangajiate  solution.  Hence  it  is  advisable  to  filter  through  very 
clean  sand,  best  done  by  a  special  funnel  ground  conical  at  the  throat ;  into  thid 
is  dropped  a  pear-shnp^  stepper  with  a  long  stem,  the  pear-shaped  stopper  fitting' 
the  tunnel  throat  tightly  enough  to  prevent  sand  but  not  liquids  from  passing ;  a 
layer  of  sand  being  placed  upon  the  globular  end  of  the  stopper  and  paded 
closely,  the  liquid  containing  the  oxalate  is  brought  upon  it  and  so  trashed ; 
Anally  the  stopper  is  lifted,  the  sand  and  oxalate  washed  through  with  dilute 
acid  into  a  clean  Bask,  and  the  titration  completed. 

8.  Zino  Dust. 
The  value  of  this  substance  depends  upon  the  amount  of  metaliit: 
zinc  contained  in  it ;  but  as  it  generally  contains  a  large  proportion  of 
ziuc  oxide,  the  foregoing  methods  are  not  available  for  its  valuation. 
The  volume  of  hydrogen  yielded  by  it  on  treatment  with  acids  appears 
to  be  the  most  accurate,  as  suggested  by  Fresenius  or  by  Barnes 
{J.  S.  C.  I.  V.  145).     This  may  very  well  be  done  in  the  nitrometer 
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with  decomposing  flask,  and  comparing  the  volume  of  gae  yielded  by 
pure  zinc  and  the  sample  of  dust  under  examination. 

Many  other  methods  have  heeu  proposed  for  the  valuation  of  this 
substance.  The  best  is  that  of  Klenip  {Z.  a.  C.  xxix.  253),  whicli 
consist  in  treating  the  dust  with  an  excess  of  caustic  potash  and 
potassium  iodate ;  the  latter  is  reduced  in  definit«  proportion  by  the 
metallic  zinc  to  potassium  iodide,  and  the  latter  estimated  by  dis- 
tillation in  the  iodometric  apparatus,  figs.  39  or  40.  The  solutions  of 
potash  and  iodate  must  be  somewliat  concentrated,  and  the  mixture 
with  the  zinc  dust  must  be  intiniate,  which  may  be  best  secured  by 
shaking  the  whole  U^ethet  in  a  well-stoppered  200  c.c.  flask  with 
glass  beads.  A  6  per  cent,  solution  of  iodate  should  be  used,  and  the 
potash  solution  should  be  about  40  per  cent.  For  1  gm.  of  the  dust, 
30  c.c.  of  the  iodate  and  so  much  of  the  potash  solution  should  be 
used  as  to  measure  130  c.c.  The  weighed  substance,  together  with 
the  beads,  being  already  in  the  flask,  the  solutions  are  added,  the 
stopper  greased  with  vaseline,  tied  down  and  shaken  for  five  minutes, 
then  heated  on  the  water  bath,  with  occasional  shaking  for  one  hour. 
(Digestion  without  heat  gives  practically  the  same  results.)  The 
flask  is  then  cooled  and  the  contents  diluted  to  250  or  500  c.c,  and 
50  or  100  c.c.  placed  in  the  distilling  flask,  acidified  with  sulphuric 
acid,  and  the  iodine  so  set  free  distilled  into  solution  of  potassium 
iodide,  and  titrated  with  thiosulphate  in  the  usual  way.  Kach 
0-2  gm.  of  iodine  so  found  =  0-25644  gm.  Zn  or  one  part  of  Zn 
should  theoretically  liberate  0-7799  part  of  I. 

A  simpler  method  has  been  devwed  by  A.  R.  Wahl  (/.  S.  C.  I. 
xvi.  15),  but  like  many  others  it  gives  no  protection  against  metallic 
iron,  but  this  of  course  can  be  ascertained  by  other  means. 

It  was  found  that  when  solid  ferric  sulphate  is  added  to  zinc  dust 
suspended  in  a  little  cold  water  with  exclusion  of  free  acid,  a  reaction 
occurs  with  evolution  of  heat,  and  the  zinc  quickly  and  totally 
dissolves  with  formation  of  a  clear  greenish  solution.  A  small 
residue  remains  consisting  of  lead  and  other  impurities.  The  solution 
of  the  zinc  takes  place  without  any  evolution  of  hydrogen,  and  the 
reaction  is  therefore  represented  by  the  equation — 

Fe2(S0j)j  +  Zn  =  ZnSO«  +  2Fe804 
When  all  has  dissolved,  it  is  only  necessary  to  acidify  the  solution 
with  sulphuric  acid  and  titrate  with  permanganate  to  find  the  quantity 
of  ferrous  salt  obtained,  and  hence  the  quantity  of  metallic  sine  in 
the  sample  under  examination. 

Fbbpabition  or  Push  Pbbric  8ulphate.— 500  grn.  of  pure  ferrous 
Balptutte  are  dimalred  in  as  little  water  ta  possible,  sod  to  it  are  added  100  ^. 
of  sulphuric  acid  &nd  gradually  210  em,  of  nitric  scid  (60  per  cent.).  On  iddm^ 
the  nitric  acid,  torrents  of  nitroiu  gs»  are  evolved,  the  solutioa  acquiring  a 
nearly  black  colour,  which  disappein  again  when  the  n-hole  of  the  acid  is  added. 
The  solution  is  evaporated  on  the  water-bath  until  it  becomes  solid,  whea  it  la 
ground  with  aloohol  in  a  mortar,  put  on  a  filter,  aud  washed  with  alcohol  until 
the  filtrate  it  no  longer  acid.  The  product  is  then  dried  thoroughly  on  the 
water-bath  to  remove  all  alcohol  and  the  salt,  which  ig  a  perfectly  white  powder, 
U  kept  in  stoppered  bottles  for  use. 
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Uetbod  0¥  Pbotedubb  :  About  {  gm.  of  lino  dust  is  put  into  ft  e^o^pend 

250  O.C.  fluk  and  to  il  ore  added  25  c.c.  oC  cold  wster.  The  miiture  U  agitated, 
■nd  when  the  line  is  thoroughly  Buspended,  7  gm.  of  ferric  sulphate  are  added. 
There  is  a  zentle  evolution  of  heat,  and  after  shaking  for  a  quarter  of  an  hour, 
the  lice  will  have  completely  dissotved,  with  exception  of  a  slight  residue  of 
impurities.  26  c.c  of  strong  sulphurio  acid  are  then  added,  and  the  flask  is 
Slled  with  water  to  2B0  c.c.  60  c.c.  or  this  solution,  after  dilution  with  60  c.o. 
of  water,  are  titrated  with  standard  permaiiganate. 

From  the  qiumtity  of  the  latter  employed,  the  percentage  of  metallic  zinc  is  at 

Another  method  is  aa  followa  :— (Analyst  xxv.  279.) 
One  gm.  of  the  cample  k  weighed  iuto  a  dry  stoppered  200  o.c.  flask,  mixed 
with  iOO  c.c.  of  potafflium  bichromate  solution  (30  gm,  per  liter)  and  10  c.o.  of 
1  :  3  sulphuric  acid,  and  agitated  for  Sve  miuuten.  Another  10  c.c.  of  acid  are 
then  added,  and  the  shaking  continued  for  ten  or  flfteen  minutes,  when  every- 
thing, except  a  smUl  earthy  residue,  should  be  dissolved.  The  liquid  is  diluted 
to  600  o.c,  and  in  60  c.c.  thereof  the  excess  of  bichromate  is  estimated  bj 
intioduciDg  10  c.c  of  10  per  cent,  potassium  iodide  and  6  c.c.  of  sulphuric  add, 
titrating  the  liberated  iodine  with  decinormal  thiosulf^te. 

B.  Zino  Oxide  and  Carbonate. 
Benedikt  aud  Cantor  (Zeit  antjeto.  Chem.  1888,  236,  237)  show 
that  zinc  oxide  and  carbonate  can  be  accurately  titrated  with  standard 
acid  and  alkali,  using  methyl  orange  as  indicator,and  other  zinc  Bal(«, 
using  phenolphtlialein.  The  oitide  or  carbonate  is  dissohed  in  excess 
of  acid,  and  the  eicese  titrated  back  by  soda  solution.  Zinc  salts  are 
dissolved  in  water  (50  c.c.  to  0-1  gm.  ZnO),  phenolphthalein  b  added, 
and  then  standard  aotla  solution  to  intense  red  colour.  A  few  more 
e.c  of  soda  are  then  added,  the  mixture  is  boiled  for  some  minutes, 
and  the  excess  of  soda  titrated.  If  either  free  acid  or  zinc  oxide  is 
present  in  the  zinc  salt,  it  is  neutralized  in  presence  of  methyl  orange 
by  alkali  or  acid,  as  the  case  may  I*. 

ACETONE. 

(CH3)jCO  =  68. 

g  85.  Bbvebal  volumetric  methods  have  been  advocated  for  the 
estimation  of  this  substance,  one  of  the  earliest  being  by  Bobineau 
and  Rollins  {J.  C.S.  I.  1893,  870).  An  improved  modification  of 
this  was  introdui-ed  by  E.  Squibb  (X  Am.  C.  S.  1896,  1068), 
and  a  still  further  slight  modification  of  the  latter  is  given  by 
L.  F.  Kebler  (ibid.  1897,  316),  who  fonnd  that  a  difficulty  wa« 
experienced  in  obtaining  absolutely  pure  acetone,  and  the  drop  final 
reaction,  as  used  by  Bquibb,  being  lengthy  and  tedious,  has  modified 
the  method  ao  that  the  use  of  pure  acetone  and  the  drop  final  reaction 
arc  dispensed  with. 

Tlie  solutions  required  are  as  follows : — 

!1)     A  6  per  cent,  solution  of  hydrochloric  acid. 
2)     A  deoiiionnal  solution  of  sodium  thlosulphste. 
(3)     Alkaline  potassium  iodide  solution  prepared  by  dissolvinx  260  gm.  of 

EDtassium  iodide  in  water,  made  up  to  »  liter;  dissolving  267  gm.  of  sodium 
ydroxide  (by  alcohol)  in  water,  llkewii^e  made  up  to  ■  liter.  After  allowing  the 
latter  to  stand,  800  cc.  of  the  clear  solution  are  added  to  the  liter  of  potassium 
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(4)  Sodium  hjpocliloril«  eolution  :  100  gm.  of  bleaching  powder  (36  per 
cent-)  sre  mixed  with  40(1  c.c.  of  wftter ;  to  this  is  added  a  hot  sotution  of  T20  gm. 
bf  cryatallified  sodium  carbonate  in  400  oj;.  of  wal«r.  Aft«r  oooUtig,  the  aletit 
liquid  is  decauled,  the  remaiuder  filtered,  and  the  filtrate  made  up  to  a  lit«r ;  to 
each  liter  is  added  26  c.o.  of  sodium  hydroxide  solution  (sp.  gr.  VSS). 

(5)  An  aqueous  acetone  solution  coulAining  1  or  2  per  oent.  of  acetone,  u 
pure  as  may  be  had,  my  99'7  "/„. 

(6)  Htwoh  solution,  prepared  by  treating  0*126  ^.  of  starch  with  5  c.c  of 
cold  wat«r,  then  adding  '20  c.c.  o!  boiling  water,  boiling  a  few  minutes,  oooUng, 
and  »ddiDg  2  gm.  of  sodium  bicarbonate.     This  slart^  solution  will  keep  for 

To  20  c.c.  of  the  potasduin  iodide  solution  are  added  10  c.c.  of  the  diluted 
aqueous  acetone,  an  excess  of  the  sodium  hypochlorite  solution  ia  then  run  in 
from  a  burette  and  well  shaken  for  a  minute.  The  mixture  is  then  acidified 
with  the  hydrochloric  acid  boIuUod,  and  while  Hfitated,  an  excess  of  sodium 
tliiOBulphate  solution  is  run  in,  the  mixture  hein^  afterwards  allowed  to  stAud  a 
few  minutes.  The  starch  indicator  is  then  added  and  the  excess  of  thiosulphate 
re-titiated.  The  relation  of  the  sodium  hypochlorite  eolution  to  the  sodium 
thiosulphate  being  known,  the  percentage  of  acetone  can  be  readily  calculated.    . 

Db.  S<J¥IBb's  Metkoo  of  TiTHiTios.^10  c.c.  of  the  dilute  pure  acetone 
(^O'l  gm.)  are  put  into  a  60  c.c.  beaker,  and  20  c.c.  of  the  mixed  soda  and 
potassium  iodide  solution  added ;  into  this,  the  hypochlorite  ia  rapidly  run  in 
from  a  burette  until  H  or  10  c.o.  have  been  added.  The  iodoform  is  then  allowed 
to  settle,  and  a  few  drops  more  of  the  hypochlorite  added.  Should  this  produce 
a  dense  cloudinesit,  a  little  more  is  added,  until  finally  the  cloudiness  is  only  very 
nlight.  It  is  tben  tested  by  starch,  a  drop  of  the  starch  solution  being  placed 
near  to  a  drop  of  the  liquid  on  a  white  porcelun  plate,  aud  the  two  drops  run 
into  one  another.  If  no  blue  colour  is  visible,  a  few  more  tenths  of  a  c.c  of 
hypochlorite  solution  are  run  in,  repeating  the  process  until  the  starch  gives  a 
blue  coloration.  Having  now  checked  the  standard  solution,  any  number  of 
acetone  estimations  may  be  made,  but  it  must  be  remembered  that  the 
hypochlorite  does  not  keep,  and  must,  therefore,  be  standardized  daily.  It  is 
also  advisable,  when  dealing  with  acetone  solutions  of  unknown  strength,  that 
the  estimation  should  be  repented,  tiiking  such  a  quantity  of  solution  that  the 
amount  of  acetone  is  about  the  same  as  that  used  in  the  check  experiment. 

The  author  also  confirms  the  statement  that  the  presenoe  of  ethylic  alcohol 
does  not  interfere  vith  this  process,  although  it  is  au  iodoform  yielding 
sub<>tBnoe. 

In  the  above  reaction  1  mol.  of  acetone  requires  3  mol.  of  iodine 
tti  fomi  I  mol.  of  iodoform.  One  atom  of  availalile  chlorine  will 
lilierate  one  atom  of  iodine  from  the  Kl  in  the  alkaline  solution,  or 
1  c.c.  will  liberate  just  enough  I  to  make  1  c.c.  of  the  same  normal 
strength  as  the  hypoclilorite  solution  originally  was ;  therefore  by 
reading  the  number  of  c.c.  of  hypochlorite  consumed  as  so  many  cc. 
of  iodine  solution  of  the  same  normal  strength,  the  calculation  is 
reduced  to  the  basis  of  iodii\e.  Expressing  it  as  a  proportion,  and 
letting  y  equal  the  amount  of  combined  I  and  x  that  of  acetone,  v^e 
have  (taking  I  aa  126-5)  759:  58:  :  y  :u:  ot  x  =  y  ^oix  =  yO-07e4l. 

Exavqite  of  CaiadalioH. — 10  c.c.  of  the  acetone  solution  containing 
1  gm.  of  the  liquid  to  he  analyzed  required  14-67  c.c.  of  N  x  0'806 
hypochlorite,  which  formed  14-57  c.c.  of  iodine  solution  of  same 
strength  or  combining,  we  have 

14-57  X  0-806  X  0-1265  X  0-07641  ,    ,      .  ,,,=,-, 

, 1 — r-p "■  amount  of  acetone  -^11  -351    / 

1  gm.  of  solution  '  - 
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The  presence  of  ethyl  alcohol  as  vould  occur  in  methylated  ^irit 
does  not  interfere  with  tlie  eatimation  of  acetone,  as  the  process  ia 
carried  on  at  oidinary  temperature  and  no  iodoform  is  produced. 

AITIIiINE. 

CBH[;NHa=93. 

§  86.  A  PROCBSS  for  estimating  aailine  or  its  salts  has  been 
devised  by  M.  Franfois  (J.  Pharm.  1899,  521).  The  principle  of 
the  method  depends  on  the  fact  that,  if  bromine  water  is  added  to  an 
aniline  solution  which  contains  a  little  soluble  indigo  as  indicator,  the 
bromine  doe«  not  act  on  the  indigo  until  all  the  aniline  has  been 
converted  into  tribromaniline. 

Method  of  Pbockbubb  :  The  bromine  water  (6  gm.  bromiae  in  1000  cc 
inter)  is  Btaadardizad  by  mesns  of  &n  squeous  solution  of  aniline  hydrochloride, 
whicb  coDteina  1-392  gm.  of  the  pure  salt  in  1000  c.c.  (1  c.o.  =  0-001  gm.»niline). 
The  bromine  water,  if  exposed  to  tbe  air,  is  ooDtinualty  losing  bromine ;  it  is 
therefore  esKntial  to  use  a  burette  of  sucb  capftcily  that  it  contaioB  enough 
bromine  water  for  both  tbe  standardization  and  eatimation  without  refllling ;  to 
doee  the  end  of  the  burette  with  a  plug  of  cotton  wool ;  to  find  approiimalely 
the  number  of  c.c.  of  bromine  water  required,  and  then,  in  the  final  titration  to 
add  nearly  tbe  whole  at  once  in  order  1«  avoid  the  slieht  loss  of  bromine  Which 
occurs  when  drops  of  tbe  solution  fall  through  the  air.  Tbe  method  may  be 
applied  to  solutions  contaiuiuK  aniline  or  ito  hydrochloride,  the  presenoe  of 
anmoniulD  chloride  does  not  vitiate  the  result,  and,  finally,  if  tlie  solution  to  be 
titrated  eontaios  mineral  substances  which  would  react  with  tbe  bromine,  the 
aniline  may  be  liberated  by  potash  and  distilled  in  steam.  Tbe  d^ree  of  dilution 
of  tbe  anlliue  solution  does  not  influence  the  result. 

Another  method  devised  by  Reinhardt  is  described  by  Liebmann 
and  Studer  (J.  S.  C.  I.  1899,  1 10),  who  use  a  slight  modiiication  of 
it  for  estimating  aniline  or  mixtures  of  aniline  and  p-  and  p-toluidines 
which  are  sometimes  present  in  technical  oils.  Beinhardt  accom- 
plishes this  by  titration  of  the  oil  in  hydrobromic  acid  solution  by 
potassium  bromate  and  bromide. 

Aniline  requires  three  molecules  of  bromine  to  form  tribromo- 
aniline,  whilst  o-  and  p-toluidine  only  absorb  two  molecules. 

Hetbod  o¥  FBOCEonRE;  Beinhardt  prepares  his  standard  solution  by 
boiling  4S0  gm.  of  Br  with  386  gm.  of  KOH  (100  per  cent.)  and  1  liter  of 
water  for  2-3  hours,  then  dilutes  to  9  liter?. 

Hypobromites  should  not  be  present. 

To  carry  out  bis  analysis,  he  dissolves  l'5-2  gm.  of  oil  in  1000  c.c.  of  water  and 
100  c.c.  of  hydrobromic  acid  of  1'4-1'5  ap.  gr.  He  adds  bis  bromate  solution 
until  iodine  etarch-paper  indicates  the  presenoe  of  free  bromine. 

Tbe  following  equation  gives  him  the  result  — 

Xt(TT-X)-'g?-A.,X.HvT-SA, 

in  which  X  m«ans  aniline,  V  the  volume  of  bromate  used,  T  its  titer,  and  A  tlie 
weight  of  oil  used  for  analysis,  Toluidine  is  found  by  difference.  To  estimate 
the  relative  quantities  of  o-  and  p-ioluidlne,  uee  is  made  of  the  property  of 
p-toluidine  and  aniline  to  be  precipitated  from  their  hydrochloric  acid  solution  by 
oxalic  acid,  whilst  o-toluidiae  remains  in  solution. 

160  gm.  of  the  oil   are   dissolved   in   106  gm.   of   HCl  ot   20°  B,  and  tbe 
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nuxture  U  tiwn  added  to  a  hot  solution  of  oxalio  acid  to  10  tiiuM  iti  quantitj 

ot  w»ter. 

The  solution  «ill  be  clear  id  tbe  beginniog.  It  hu  to  stand  for  48  houis. 
Tbe  oialateH,  irhich  will  tben  have  Bepant«d  out,  are  filtered  and  washed  tbree 
timei  with  25  c.c  of  distilled  wiiter. 

After  decuitation  with  bot  dilute  KOH  (100  cc.  KOH  46°  B.,  200  c.o. 
HtO).  the  oil  is  separatM,  weighed,  and  finally  titnted  bj  the  bromine  solation 
to  find  the  amount  of  jf-toluidine  present. 

Liebmann  and  Studer  have  adopted  this  method,  with  slig-ht  modifications, 
for  estimating  the  aniline  and  toloidme  oils,  and  also  for  analyzing  the  amliue 
salbi-  To  prepare  the  standard  solution,  IB"?  gm.  of  pure  potassium  bromat«  and 
69*6  gm.  of  potassium  bromide  are  dinolved  in  1  liter  of  water,  and  standardized 
by  titmtion  with  sodium  thiosulphate,  using  potassium  iodide  and  starch  as 
indicator. 

For  aniline  Uiey  have  found  that  concentrated  hydrochloric  acid  can  be 
used  as  solvent  instead  of  hydrobromic  acid,  but  that  the  latter  is  essential 
when  toluidines  are  present.  Instead,  however,  ot  using  ordinary  hydrobromio 
acid,  they  found  that  by  dissolving  100  gm.  of  poUssium  bromide  in  100  o.c.  of 
bot  wat^,  and  100  cc  of  hydrochloric  acid,  sp.  gr.  I'lS,  an  acid  is  obtained 
which  gives  uccuiale  results. 

For  pure  aniline  0*6  gm.  of  the  oil,  or  about  06  gm.  of  salt  is  dissolved  in 
about  GOO  o.c.  of  water  and  30  o.c.  ot  pure  hydrochloric  acid  of  1'18  sp.  gr.,  and 
add  the  standard  solution  until  a  distinct  excess  ot  bromine  is  obaervable.  The 
reaotion  grows  slower  at  the  end  ot  the  operation,  but  it  is  found  that  to  wiut  for 
two  minutes  is  quite  sufficient  to  determine  whether  free  bromine  is  present  in 
solution  or  not.  The  excess  ot  bromine  is  eetimated  by  titration  with  ^/lo 
thiosulphate' solution,  using  potassium  iodide  and  starch  as  indicator,  6  cc.  ot  the 
thioeulphate  corresponding  to  I  c.c.  ot  the  bromate  solution. 

Por  aniline  containing  loluidine  05  gm.  is  dissolved  in  32  o.c  ot  hydrobromio 
acid,  prepared  as  above,  and  600  c.e.  of  water,  and  the  titntion  is  (arried  out 
in  the  same  way  as  with  pure  aniline.  A  number  of  analyses  of  aniline  ail  and 
nit  and  of  mixturee  of  aniline  oil  with  toluidine  of  known  compoeition,  gave 
excellent  resulta. 

Another  method  has  been  adopted  of  carrying  out  Beinhardt's 
process  for  estimating  the  aniline  and  toluidine  in  aniline  oil,  which 
depends  on  the  bromination  of  these  two  amines  by  potassium  bromate 

in  hydrobromic  acid  solution. 

An  8  per  cent,  solution  of  pure  potassium  bromate  is  prepared,  the  strength 
being  determined  by  mixing  25  cc.  with  6  gm.  of  potassium  iodide  and  3  o.o,  of 
26  per  cent,  hydrobromic  acid  solution,  and  estimating,  by  titration  with 
standard  thtosulphate.  the  iodine  set  free  acoordii^  to  tbe  equation : 
KBrO,4-6HBr  +  6KI^3I,4^7KBr  +  SHsO.  One  gm.  of  iodine  corresponds 
with  U-22083  gm.  of  potassium  bromate,  that  is,  with  0' 12231  gm.  ot  aniline,  or 
014001  gm.  oC  toluidine.  About  I  gm.  of  the  aniline  oil  is  dissolved  in  about 
60  gm.  ot  26  per  cent,  hydrobromio  acid  solution,  and  the  bromate  solution  run 
in  until  the  clear  liquid  above  the  bromide  precipitate  assumes  a  yellow 
coloration.  Then,  it  a  is  the  weight  ot  oil  taken,  n  the  number  ot  c.c.  ot  bromate 
solution  employed,  t^  and  <,  the  amounts  of  analine  and  toluidine  reepectJvely 
corresponding  with  1  cc.  ot  tbe  bromate  solution,  tbe  percentage  ot  aniline  in 
the  oil  is  given  by:  100(^(a/,-a)/o(r,- i^),  and  that  ot  tbe  toluidine  by 
100/,(a—(J;o  {<,-(> 

Aniline  hydrochloride  may  be  titrated  direct  by  standard  caustic 
'  alkali,  using  phenolphthalein  or  litmus  (but  not  methyl  orange)  as 
indicator,  as.  it  acts  exactly  like  an  equivalent  quantity  of  free 
hydrochloric  acid.  Tbe  presence  of  neutral  ammonium  salts  has  no 
detrimentfll  effect. 
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Dr.  E.  Knecht's  process. 

g  87.  The  powerful  reducing  properties  of  tittuious  chloriJa 
(TiClj)  render  this  reagent  capable  of  being  put  to  a  variety  of  uses 
in  volumetric  analysis.  Thus,  in  addition  to  its  uses  in  the  volumetric 
estimation  of  iron  (and  arsenic),  it  has  been  found  available  for  the 
exact  estimation  of  several  series  of  aromatic  compounds,  including 
the  azo  compounds,  the  nitro  and  the  nitroeo  compounds.  In  all  the 
cases  hitherto  observed,  the  reduction  takes  place  in  such  a  manner 
that  each  azo-group  present  requires  (in  accordance  with  theoiy) 
four  equivalents,  each  nitro  group  (KOa)  six  equivalents,  ajid  each 
nitroso-groTip  (NO)  four  equivalents  of  TiClj.  Thus  with  benzene- 
azo-betanapthol,  the  reaction  lakes  place  according  to  the  following 
equation : — 

C,H,N  1  N.C,oH.OH  +  4TiCL  +  4HCl  = 
CjHjNHg  +  Ci(,Ho(OH)(NH^  +  4TiCl, 
with  picric  acid, 

C(H,(0HKN0,)3  +  ISTiCL  +  18HCI  = 
CeHj(0HKNHj)3  + 1 8TiCl,  +  12HsO 
and  with  nitrosodimethylanlline, 

aH,.N(CH„)„,NO  +  4TiCL  +  4HC]  = 
CgH«.  K  (CH^Jj.  NHj  +  4TiCl,  +  HjO. 

In  using  titanous  chjoride  for  these  estimations,  it  is  essential  that 
the  reagent  should  be  kept  out  of  contact  with  the  air,  both  in  the 
storage  vessel  and  in  the  burette,  and  for  this  purpose  the  arrange- 
ment shown  on  page  234  should  be  used. 

The  most  suitable  strength  of  titanous  chloride  for  titrating  is  a  one 
per  cent,  solution,  obtained  by  letting  down  the  commercial  product 
with  water.  For  this  purpose  50  c.c.  of  the  commercial  20  per  cent 
solution  are  first  mixed  with  an  equal  volume  of  strong  hydrochloric 
acid  and  boiled  for  a  few  minutes  in  a  flask.  The  solution  is  then 
made  up  to  a  liter  with  distilled  water  which  has  been  previously 
boiled.  The  method  of  ascertaining  its  strength  is  shown  on  p^es 
223,  224.  When  two  or  more  titrations  agree,  the  iron  value  per  c.c. 
of  the  titanous  chloride  solution  is  easily  calculated. 

In  case  the  azo-compound  under  examination  is  not  precipitated  by 
dilute  hydrochloric  acid,  it  may  be  titrated  directly,  its  own  intense 
colour  serving  as  indicator. 

For  the  titrations  a  solution  of  0-5  gm.  of  the  dyestuff  made  up  to 
500  cc.  with  distilled  water,  and  of  this  100  e,c,  are  taken.  The 
following  example  may  serve  as  an  illustration  :— • 

Crtstal  SciBLKr  6B.— C^iHitN^OtNa,  +  7H,0  (colouring  matter  from 
alpha  n&phtbjtamme  and  Q.  salt.) 

0*5  gm.  of  the  djestull  was  diesolved  in  diatilled  water  and  the  solution  made  ' 
HP  (o  BOO  0.0.  Of  thi«,  100  o.c.  were  measured  out  into  a  conical  &uk,  and  alter 
adding  about  10  c.c.  concentrated  hydrochloric  acid,  boiled  tor  about  a  minute. 
Thie  amount  required  22'6  c.c  of  tibiaous  chloride  solation. ' 

The  calculation  if  la  follows  :— 


i  by  Google 


8  87.  ,       AZO   DYES,   ETC, 


1  0.0.  Tia,-0-0016797  gm.  Fe 
id  602  gm.  colour  require  by  tbeorf  224  gm.  7e. 

Call. 

7906 
20-M 

Totol  WW  10000 
la  the  case  of  dyestuSa  whicli,  like  the  uiajority  of  the  benzidine 
derivatives,  are  thrown  out  of  solution  by  hydrochloric  acid,  the 
reaction  is  too  slow  and  the  end  of  the  reaction  often  not  sufficieutly 
sharp,  to  admit  of  exact  estimations.  In  such  cases  it  is  best  to  run 
in  an  excess  of  titanous  chloride  solution  into  the  boiling  solution  of 
the  dyeetuf^  taking  the  precaution  to  keep  a  gentle  current  of  carbonic 
acid  passing  into  the  flask  by  a  tube  which  almost  touches  the  surface 
of  tire  liquid.  The  reduction  will  usually  be  completed  in  less  than 
two  minutes,  when  the  flask  is  cooled  under  the  t«p  without,  however, 
interrupting  the  current  of  carbonic  acid.  When  cold,  the  excess  of 
tilanouB  chloride  is  estimated  as  already  described  by  running  in  iron 
alum  solution  of  known  strength  {but  preferably  nearly  equivalent  to 
that  of  the  titanous  chloride  solution)  until  a  drop  taken  out  and 
spotted  on  potassium  sulphocyanide  solution  just  shows  a  red  colour. 
By  subtracting  the  number  of  c.c.'s  of  the  iron  alum  solution  (or 
their  equivalent  in  titanous  chloride,  should  the  two  solutions  not  be 
of  equal  strength)  from  the  total  number  of  c.c.'s  of  titanous  chloride 
run  in,  the  exact  amount  of  the  latter  used  up  in  the  reduction  of  the 
dyestuff  is  arrived  at. 

The  following  example  will  serve  to  illustrate  the  application  of 
the  indirect  method  : — 

BBtfzOFURFDBiM   i   B,   C„HkN,SAKi  ^  4t   U,0   (potAgetum  salt  of  the 
colouring  matter  from  t«[idiae  and  aaphthionic  &oid). 

0*6  gm.  of  the  dyestuff  ia  diraolved  in  distilled  ivater,  and  the  solution  made 
up  to  600  c.c.  Of  this  100  c.c.  were  measured  intoftoomcalQaak  and  beated  to  the 
boil.  10  c.c.  concentrated  hydrochloric  acid  and  SOc.c.  titanous  chloride  solution 
were  then  added,  carbonic  acid  being  pawed  iuto  the  fla^k.  The  contents  of  the 
flask  were  now  boiled  for  about  a  minute,  when  complete  reduotion  took  place, 
and,  after  cooling,  the  solution  required  229  c.c.  iron  alum  (equivalent  to 
21*0  c.c  titanous  chloride).  The  excess  of  titanous  chloride  added  ms  therefore 
21*0  c.c,  and  this,  subtracted  from  BO,  gives  290  c.c  titanous  chloride  as  having 
been  used  for  tbe  reduction.  The  calculation  is  as  follows:  — 
1  CO.  TiCl,=0001846  gm.  Fe 
and  756  gm.  colour  require  by  theoty  448  gm.  Pe. 


<>0O1846K29K76e^ 

.0-09026  gm, 
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or    90-26=/„ 
..       9-63 

colour 
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gm.  contains 
of  cryst    .,- 

0-9026  . 

CiJc. 
90-88% 
9-67 

99-89  100-00 

For  the  determination  of  picric  acid  and  other  nitro  compounds,  it 
is  also  necessary  to  employ  the  indirect  method,  the  end  of  the 
reaction  not  being  perceptible  by  the  direct  method. 
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CABBOIT  DISUIiFHIDE  AITD  THZOCABBONATE8. 

§  88.  FoK  the  purpose  of  estimating  carbon  diaulphide  ia  the  aii 
of  soils,  gases,  or  in  thiocarbonatee,  Gastise  has  devised  the  following 
process  {Compt.  Rend,  scviii.  1588): — 

The  gas  or  vapour  to  be  touted  is  carefully  dried,  and  tben  paeeed  tliroagh  k 
concentrnted  Bolution  of  recently  fused  poUaeium  hydroxide  in  abflolute  alcohol. 
The  presence  ol  even  traces  of  water  eeriougly  dimlni^hn  the  delicacy  of  tJie 
KBCtion.  The  fttooholic  solution  is  afterwards  neutralized  witli  acetic  acid', 
diluted  with  water,  and  test^  for  xanthic  add  by  adding  copper  sulphate. 

In  order  to  determine  the  dintribotion  of  carbon  disulphide  introduo^  into 
the  Boil,  250  c.c.  of  the  air  in  the  soil  is  drawn  by  means  of  an  aspirator  through 
eulpburic  acid,  and  then  throush  bulbs  oontaJning  the  alcoholic  potssh.  For 
quantitative  det«'nninatione,  a  lai^r  quantity  of  air  must  be  lued,  and  the 
lantbic  acid  formed  is  estimated  by  means  of  the  reaction  2CjH,0S, -i- 1, 
=  2CiHtOSj  +  im.  Tbealkatine  solution  is  slightly  acidified  with  aoetioacid, 
mixed  with  excess  of  sodium  bicarbonate,  and  titrated  in  the  usual  way  with  a 
solution  of  iodine,  containing  1'68  gm.  per  liter,  1  o.c.  of  which  is  equivalent  to 
1  m.gm.  of  carbon  disulphide. 

To  apply  this  method  to  thiocartwnates,  atwut  1  gm.  of  the  subatAQce,  together 
with  about  10  cc.  of  water,  'i%  introduoed  into  a  small  flask  and  decomposed  by  a 
solution  of  zinc  or  copper  sulplmte,  the  Qask  being  heal«d  on  a  water-bath,  and 
the  evolved  cartion  disulpbidc  passed,  first  through  sulphuric  acid  and  then  into 
alcoholic  potash.  In  the  <xfe  nf  gaseous  mixturea  of  carbon  disulphide,  nitrogen, 
hydrogen,  sulphide,  cartmnic  anhydride,  carbonic  oxide  and  water  vapour  tlie  teas 
is  passed  through  a  Htrong  aqueous  Bolution  of  potash,  then  into  sulphuric  acid, 
and  finally  into  alcoholic  potash.  The  thiocarbonst«  formed  in  the  first  fiask  is 
decomposed  by  treatment  with  copper  or  zino  sulphate  as  above,  and  the  lanthio 
acid  obtained  is  added  to  that  formed  in  the  third  flask,  and  Uie  whole  titrated 
with  iodine, 

Another  method  available  for  technical  purposes,  such  as  the 
comparative  estimation  of  CS,  in  coal'  gas,  or  in  comparing  samples 
of  tliiocarbonates,  ia  aa  follows  :— 

'Rie  liquid  or  other  subetauce  contjtining  the  disulphide  is  added  to  strong 
alcoholic  potash,  or  gas  oontuning  tbe  CS,  is  passed  slowly  through  the  alkaline 
atworbent.  The  disulphide  unites  with  tbe  potassium  ethylate  to  form  potassium 
xanthate.  Tbe  liquid  is  neutralized  with  acetic  acid  and  the  lanthate  is  tben 
estimated  by  titrating  with  a  standard  solution  of  cupric  sulphate  (12'4T  gm.  per 
liter),  until  an  excess  of  copper  is  found  by  potassium  lerrocyanide  used  as  an 
external  indicator.     Each  c.o.  of  copper  solution  represents  0-0076  gm.  CS^ 

FOBMAUJEHTDE. 

CHjO  =  30. 
g  89.  The  genera!  estimation  of  this  substance  in  tbe  solutions 
sold  commercially  is  technically  done  by  Legler'a  method,  that  is, 
shaking  the  solution  with  a  known  volume  of  standard  ammonia,  and, 
after  standing  some  time,  t«  ascertain  the  amount  of  NH,  unabsorbed, 
by  distillation  and  titration  with  standard  acid.  The  action  is  alow, 
and  according  to  the  experiments  of  L.  F.  Kebler  {Amer.  Joum. 
Pharin.  1898,  432)  a  digestion  of  6  hours  is  necessary  in  order  to  get 
the  full  proportion  of  CHjO.  Letting  the  admixture  stand  over 
night  ifl  equally  correct.     The  action  which  takes  place  is  the"  for- 
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mation   of   hezamethylene-tetramine.     -  1 80    pftite    of    formaldehyde 
reacts  with  68  parts  of  ftmmonia. 

Method  of  Psocedubb  :  10  c.c.  of  the  solution  to  be  tested  are  neutratized, 
if  Jieoecmry,  witb  "/loo  soda  »nd  placed  in  a  flaak,  diluted  with  water,  and 
treated  with  an  eioeea  of  standard  anunonia  solution,  The  eicesa  ii  removed  by 
a  current  of  steam  and  received  in  standard  acid,  the  result  being  oilouUted  froin 
the  following  equation;-6CH,0  +  4NH,=  (CH,),N4  +  6H,0,  which  represents 
the  reaction  which  occure.  A  small  quantity  of  bexamethjlene-tetramine  is, 
however,  carried  over  by  the  steam. 

Another  method  which  gives  good  results  is  that  of  Blank  and 
Finkenbeiner  {Benehte  1898,  2979),  and  is  based  on  the  oxidation 
of  formic  aldehyde  into  formic  acid  by  peroxide  of  hydrogen  in 
alkaline  solution,  and  titration  of  the  excess  of  alkali. 

Ubthod  of  Fbocedueb  :  3  gra.  of  the  solution  of  formic  aldehyde  under 
examination  (or  1  gm.  in  the  ca«e  of  solid  fomic  aldehyde)  are  weighed  out 
carefiUly  and  placed  in  a  tall  conical  flask  containing  26  c,c,  of  double  normal 
Boda  (30  CO.  when  the  concentration  of  the  formic  aldehyde  is  greater  than  46  per 
cent).  Hie  mixture  is  then  immediately  treated  with  60  c.c.  of  peroxide  of 
hydrogen  at  from  2'6  to  3  per  cent,  strength ;  in  the  cage  of  the  peroxide  havioB 
an  acid  reaction,  the  acidity  should  be  determined  and  deducted  from  the  final 
result.  The  peroxide  of  hydrogen  must  be  added  gradually  (taking  about  three 
minutes)  by  means  of  a  funnel ;  after  two  or  three  minutes  the  funnel  is  rinsed 
witb  water,  aod  the  excess  of  alkali  is  titrated  with  a  double  normal  solution  of 
sulphuric  acid ;  in  very  exact  analyses  the  water  ufed  for  rinsing  should  be 
boiled  flnt  to  drive  off  any  carbonic  acid.     Litmus  is  used  ui  an  indicator. 

Witb  solutions  containing  less  than  30  per  cent,  of  formic  aldehyde  the 
mixture  should  be  allowed  to  stand  for  about  ten  minutes  after  the  addition  of 
the  peroxide  of  hydrogen,  for  the  reaction  to  be  complete. 

liie  percentage  contents  of  formic  aldehyde  solutions  is  obtained  directly  by 
multiplying  the  number  of  c.c.  of  soda  employed  in  the  titration  by  2  if  3  gm.  of 
the  solution  were, originally  t^en,  or  by  6  if  1  gm.  of  the  solid  formic  aldehyde 
was  taken. 

The  reaction  takes  place  with  the  disengagement  of  a  considenbte  amount  of 
heat  and  production  of  froth. 

ExpeHmenta  on  other  aldehydes  did  not  give  satisfactory  results. 

A  further  method,  especially  applicable  to  dilute  solutions,  is 
furnished  by  K.  Orchartl  {Analyet  xxii.  4).  It  is  based  on  the 
reaction  of  formaldehyde  with  ammoniocal  silver  solution,  and  in 
this  process  it  is  arranged  quantitatively,  and  can  be  carried  out 
either  by  weight  or  the  residual  silver  found  volumetrically. 

Method  of  Pbocbdube  :  In  the  actual  experiments  10  c.c.  of  an  approxi- 
mately 0"1  per  cent,  solution  of  formaldehyde  were  added  to  25  c.c.  "/lo  silver 
nitrate,  10  c.c.  of  dilute  ammonia  (1  of  O'Ka  solution  to  60  of  water)  added,  and 
the  whole  bailed  in  a  conical  flask  attached  to  a  reflux  condenser.  The  precipitate, 
after  filtration  and  washing,  was  ignited  and  weighed  as  metallic  silver,  and 
as  a  check  the  excess  of  silver  was  estimated  in  the  filtrate  as  silver  chloride.  As 
the  first  experiments  showed  that  the  reduction  was  incomplete  after  boiling  for 
half  an  hour,  the  bailing  was  continued  for  tour  houn.  In  order  to  ascertain  if 
any  loss  took  place  during  boiling,  a  duplicate  determination  was  made,  in  which 
a  bottle  with  a  tied-down  stopper,  heated  in  a  water-bath,  was  employed.  The 
actual  results  obtained  were  iti  the  first  case  0*01038  gm.  formaldehyde,  and  in 
the  second  OOlOl  gm.,  consequently  there  was  practically  no  loss. 

In  the  calculation,  as  one  molecule  of  CH^O  reduces  two  molecules  of 
Ag,0,  the  weight  of  the  precipitated  silver  multiplied  by  the  factor  0-0694 
gives  the  weight  of  the  formaldehyde,  and  1  c.c.  of  ^/lo  silver  nitrate  corresponds 
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t  \b  thererore  possible  to  estimate  extremely 

A  aumber  of  ezperiiuents  were  carried  out  on  the  estimation  of 
formaldehyde  by  G.  Komiju  (Z.  a.  a  1897,  18-24).  The  roethoda 
of  Legler,  Brochet,  and  Camhier  were  Btudied,  and  the  results 
obtained  with  them  compared  with  those  given  by  two  new  methods 
deacrtbed  below.  For  this  purpose  four  aqueoua  solutions  were 
prepared  containing  in  500  c.c.  :  (1)  2-075  gni.  of  fonnaliD ;  (2j 
2-075  gm.  of  formalin  + 1-3  gm.  acetaldehyde ;  (3)  2-075  gm.  of 
formalin +  0'355  gm.  of  acetone;  (4)  2-075  gm.  of  formaliii  +  l  gm. 
of  benzaldehyde. 

loDOUBTBic  Method. — 10  c.c.  of  the  sldeliyde  Bolution  are  mixed  with  25  c.u. 
at  dednomwl  iodlue  solution,  and  sodium  hydrate  added  drop  by  drop  until  the 
liquid  become*  dear  yellow.  After  ten  minutes  hydrochlorio  acid  is  added  to 
liberate  the  uucombiDed  iodine,  which  is  then  titrated  back  with  stauduxl 
thioautphate.  Two  atoms  of  Iodine  are  equivalent  to  1  molecule  of  formaldefajde. 
The  reeulte  obtained  with  the  fiiet  solution  showed  that  the  formalin  used 
contained  (1)  37'36  and  (2)  3740  per  cent,  of  formaldehyde. 

With  the  Beoond  solution  a  oerlain  amount  of  iodoform  was  produced,  and  tbe 
results  were  too  low.  With  the  third  solution  theaoetone  was  entirely  oonverled 
to  iodoform,  and  in  the  fourth  solution  the  benzaldehyde  was  partially  oxidized. 
Ueooe  this  method,  thoi^h  suitable  for  the  valuation  of  pure  formaldehyde,  does 
not  ^ve  GOrreot  resuJIa  iu  the  presence  of  other  aldehydes. 

FoTABaim  Ctanide  Method.— This  is  based  on  the  fact  that  formaldehyde 
combines  with  potueium  cyanide.  The  addition  product  reduces  xilver  nitrate 
in  the  cold.  But  if  the  silver  nitrate  be  acidified  with  nitric  acid  before  tlie 
addition  of  the  aldehyde  cyanide  mixture,  no  precipitate  results  if  the  aldehyde 
in  the  latter  be  Iu  excess.  If,  on  the  other  hitod,  the  potansium  cyanide  is  in 
excess,  1  molecule  of  polasuum  cyanide  is  left  in  oombination  with  1  molecule  of 
the  formsjdebyde,  while  the  excess  precipitates  silver  cyanide  from  the  silver 
nitrate  solution. 

10  c.c.  of  detnnormal  silver  nitrate,  acidified  with  nitric  acid,  are  mixed  with 
IU  c.c.  of  potaBsium  c^-anide  solution  (prepared  by  diEisolving  31  gm.  of  tlie 
96  per  cent,  salt  in  500  c.c),  the  whole  diluted  to  500  c.c,  filtered,  and  25  c.c.  of 
the  filtrate  titrated  by  Volhard's  method.  The  difference  between  this  bLank 
result  and  that  obtained  by  titrating  the  filtrate  after  the  addition  of  the 
aldehyde  solution  gives  the  amount  of  standard  aulphocyauide  oorresponding  to 
the  silver  not  precipitated  by  the  excess  of  potassium  cyanide.  From  this  the 
amount  of  formaldehyde  can  be  calcuUted.  With  solution  1  the  results  showed 
8739  and  37-67  per  cent,  of  formaldehyde  in  the  formalin.  With  solution  2,  if 
the  titration  was  made  immediately  after  shaking,  only  the  formaldehyde  bad 
combined,  but  if  left  for  some  time  the  acetaldehyae  also  b^^  to  combine,  and 
erroneous  results  were  obtained.  Solutions  3  and  4  gave  correct  results,  even 
aft«r  standing  for  30  minutes. 

Htdbo;(ylamine  Mm'Kon  (Brochet  and  Gambler,  Camp,  Send.  cxx. 
449).— Thin  gave  satisfactory  results  with  pure  formaldehyde,  but  quit«  irregular 
figures  with  the  other  three  solutions. 

Leolhh'b  MBrHOD  {Ber.  ivi.  1335). — The  four  solutions  were  made  more 
concentrated  in  order  to  lessen  the  dilHculty  of  observing  the  end-reaotion.  In 
each  case  the  correct  amount  at  formaldehyde  was  found,  but  the  author  does  not 
coosider  the  method  so  accurate  as  the  others. 

Acetaldehydfi. — A  method  originally  proposed  by  Reiter  (■/.  S. 
C.  I.  oftttf)-.  1897,  606)  lias  lieen  modified  by  Roquea  with  good 
results. 
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Method  of  Pbocedcrb:  A  sodium  sulphite  solutiou  it  m>4e  by  diwolving 
12*6  gra.  of  inhydrouB  sodium  sulphite  in  400  c.o.  of  water,  adding  100  c.o.  of 
nornml  sulphuric  acid,  diluting  to  1000  c.o.  with  alcohol  of  06°,  and  Bltering 
after  24  hours.  A  convenieut  qu&utity  of  tbe  alcoholic  solution  of  aldehyde  \o 
be  Biamiued  is  plaoed  in  a  100  o.o.  stoppered  Qask,  mixed  with  SO  co.  of  the 
sulphite  solution  and  muds  up  to  100  o.c.  with  aloobol  oF  60°.  A  second  quwititj 
of  50  c.c.  of  the  sulphite  solution  is  placed  in  a  similar  Qaak,  and  made  up  to 
lOO  0.0.  with  the  same  alcohol.  After  beating  to  60''  C.  at  least  4  hours,  60  c.0. 
•re  withdrawn  from  each  Bask,  and  the  Bulphuroue  acid  estimated  by  means  of 
"/lo  iodine  solution  ;  the  difference  is  the  quantity  of  sulphurous  acid  that  is  in 
combination  with  the  aldehyde  ;   1  cc.  of  ^/lo  iodine  =>  0'0022  gm.  of  aldehyde. 

If  the  liquid  to  be  examined  oontaiai  less  than  1  per  cent,  of  aldehyde  the 
sulphite  solution  must  be  diluted;  for  0'5  per  oeut.,  it  should  be  diluted  with  aa 
equal  volume  of  aloobol  of  SO'',  and  ^lao  iodioe  should  be  used ;  for  O'  1  per  cent., 
the  sulpbiu  should  be  diluted  with  alcohol  of  60^  to  10  times  iti  ordinuj  volume, 
and  centinormal  iodine  solution  should  be  used. 

A  Tolumetrlo  Method  for  the  Setermlnatlon  of  various 
Aldehydw  has  been  devised  by  U.  Bipper.  (Monatshejie  f. 
Chent.  xxi.  1079.) — The  method  is  based  on  tlie  eombiiiation  of 
alkaline  bisulphites  with  aldehydes.  25  c.c.  of  the  solution  to  be 
examined,  which  should  not  contain  more  than  ^  per  cent,  of  the 
aldehyde,  are  run  into  50  c.c.  of  a  solution  of  potassium  bisulphite 
containing  12  gm.  KHSO3  per  liter,  placed  in  &  150  c.c  flask, 
which  is  then  securely  corked,  and  allowed  to  stand  for  a  quarter  of 
an  hour.  During  this  time  another  50  c.c.  of  the  potassium  bisulphite 
solution  are  titiated  with  '*/io  iodine  The  excess  of  bisulphite  added 
to  the  aldehyde  solution  is  then  determined  with  the  same  iodine 
solution,  and  from  the  difference  the  amount  of  aldehyde  present  is 
calculated. 

The  amount  ot  the  aldehyde  a  obtained  by  the  formula— 


I26'&3 
u  which  A  represents  the  amount  of  aldehyde,  I  the  iodine  a 


Formaldehyde- 1"  011627. 

Acetaldehyde  =1x017848. 

Beozaldebyde  -IxO-417B8. 

Vanillin  -IxO'59923. 

Tbe  method  is  raid  b 
is  soluble  in  water,  or 
aloobol. 

In  the  case  of  tbe  four  aldehydes  mentioned  above,  test  anslyees  are  described 
in  detail,  to  show  that  the  results  are  in  close  agreement  with  those  obtained  by 
reoogniied  reliable  methods. 


reducing  action  on  the  sutpburic  acid  formed.  The  use  of  alcohol  to  dissolve  tlic 
aUebyde  should  also  be  avoided  as  tar  as  possible,  aa  even  relatively  niiiall 
quantities  of  alcohol  (upwards  of  5  per  cent.)  prevent  the  iodide  of  starch 
reaction.  With  the  very  dilute  solutions  of  aldehyde  used,  however,  a  very 
small  addition  of  alcohol  will  be  sufficient  in  most  cases. 
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OLTCEBIIT  (QLYCEBOI.). 

C8H80g  =  92. 

§  90.  Up  to  a  recent  time  no  satisfactory  method  of  determining 
glycerin  had  been  devised,  but  the  problem  has  now  been  solved 
in  e,  tolerably  satisfactory  manner.  The  permanganate  method  of 
o<[idation  appears  to  have  been  originally  suggested  by'Wanklyn, 
imjitoved  by  him  and  Foit,  an<l  further  elaborated  by  Benedikt  and 
Zsigmondy  {Chem.  Zeit,  ix.  975).  With  fatty  matters  it  depends 
on  the  saponification  of  the  fat,  and  oxidation  of  the  resultant  glycerin 
by  permanganate,  in  alkaline  solution,  with  formation  of  oxaOc  acid, 
carbon  dioxide,  and  water,  thus — 

C,H,Os  +  30j  =  CjHaO,  +  COj  +  SHjO. 

Aqueous  solutions  of  glycerin  may  of  course  be  submitted  to  the 
method  very  easily. 

The  excess  of  permanganate  is  destroyed  by  a  sulphite,  the  liquid 
filtered  from  the  manganese  precipitate,  the  oxalic  acid  then  pre- 
cipitated by  a  soluble  calcium  salt  in  acetic  solution,  and  the  precipitated 
calcium  oxalate,  after  ignition  to  convert  it  into  carbonate,  titrated 
with  standard  acid  in  the  usual  way,  or  the  oxalic  precipitate  titrated 
with  permanganate.  Tlie  oxalic  solution  may  be  titrated  direct  after 
addition  of  H^SO,  with  permanganatej  but  Allen  and  Belcher  have 
found  this  method  faulty,  probably  from  the  formation  of  a  dithionate, 
due  to  the  sulphite.  On  the  other  hand,  they  have  obtained  very 
satisfactory  results  by  the  alkalimetric  or  tlie  permanganate  titration, 
on  known  weights  of  pure  oxalic  acid  and  glycerin. 

These  operators  have  also  shown  that,  in  the  case  of  dealii^  with 
fats,  where  it  has  been  recommended  by  Wanklyn  and  Fox  to  use 
ordinary  alcohol  as  tlie  solvent,  and  by  Benedikt  methyl  alcohol, 
both  these  media,  especially  ethylic  alcohol,  produce  in  themselves 
a  variable  quantity  of  oxalic  acid  when  treateil  with  alkaline  per- 
manganate, and  hence  vitiate  the  process.  Again,  if  it  be  attempted 
to  avoid  this  by  boiling  off  the  alcohols,  thei'e  is  a  danger  of  losing 
glycerin." 

Allen's  method  with  oils  and  iais  is  as  follows : — 

10  gm.  of  the  fat  or  oil  are  placed  in  a  strong  small  bottle,  together  with  4  pa. 
at  pure  KHO  dissolved  id  25  ex.  of  water.  A  solid  rubber  ?t«pper  is  then  used 
to  close  the  bottle,  and  tied  down  Rrmiy  with  wire.  It  is  then  placed  in  boiling 
water,  or  in  a  water  oven,  nod  heated,  with  ocaisionalBlialiing,  from  6  to  10  hours, 
or  until  the  contents  are  homogpneoun.  and  all  oily  globules  have  diiiappeared. 
When  saponification  is  complete,  the  bottle  is  emptied  into  a  beaker  and  diluted 
with  hot  water  which  nhauld  give  a  clear  solution,  the  fatty  acid»  are  then 
iiepacBted  by  dilute  acid,  filtered,  and  the  filtrate  made  up  lo  a  ^ven  volume. 

This  solution,  which  will  usually  contain  from  OS  to  O'S  gm.  of  glycerol, 
according  to  ite  origin,  is  transferred  to  a  porcelain  basin  and  diluted  with  cold 
vrater  to  about  400  c.c.  From  10  to  12  gm.  of  caustic  potash  should  next  be 
added,  and  then  a  saturated  aqueoiu  solution  of  pota'sium  permanganate  until 
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Vbs  liquid  it  uo  longer  green  but  blue  or  blaokisb.  An  excess  does  no  harm. 
Th«  liquid  is  then  beat«d  and  boiled  for  about  an  hour,  when  a  ftioag  Balutiou  ot 
sodium  sulphite  should  be  added  \o  tbe  boiling  liquid  until  all  violet  or  green 
colour  is  destroyed.  The  liquid  oontaining  the  precipitated  oxide  of  manganese 
is  then  poured  into  a  500  c.c.  flask,  and  hot  wateradded  t«  15  o.c.  above  the  mark, 
the  excess  being  an  allonnnoe  for  the  volume  of  the  precipitate  and  tor  the 
inomaed  meaaure  of  the  hot  liquid.  The  solution  ig  then  passed  through  a  dry 
filter,  and,  when  oool,  400  c.c.  of  the  filtrate  should  be  measured  off,  acidified 
with  acetic  acid,  and  precipitated  with  calcium  chloride.  The  solution  is  kept 
K'ann  for  three  hi^urs,  or  until  the  deposition  of  the  calcium  oxalate  is  complete, 
and  is  then  filtered,  the  precipitate  being  washed  with  hot  water.  The  precipitate 
0ODsiat«  mainly  of  calcium  oxalate,  but  is  liable  to  be  oontaminaled  more  or  lesii 
with  mlcium  sulphate,  silicate,  and  other  impurttiec,  and  hence  should  not  be 
directly  weighed.  It  may  be  ignited,  and  the  amount  ot  oxalate  previously 
present  deduced  from  the  volume  of  normal  acid  neutralized  by  the  residual 
calcium  carbonate,  but  a  preferable  plan  is  to  titrate  the  oxalate  by  standard 
permangsnAte.  For  this  purpose,  the  filter  should  be  pierced  and  the  precipitate 
rinsed  into  a  porcelain  batrin.  The  neck  of  the  funnel  ih  then  plugged,  and  the 
filter  filled  with  dilute  sulphurio  acid.  After  standing  for  five  or  ten  minutes 
this  is  allowed  to  run  into  the  batiin  and  the  filter  washed  with  water  Acid  is 
added  to  the  contents  of  (be  basin  in  quaotitj  sufficient  to  bring  the  total 
amount  used  to  10  c.c.  of  concentrated  aoid,  the  liquid  diluted  to  about  200  c.c, 
brought  to  a  temperature  of  about  60°  C,  and  decinormal  permanganate  added 
gradually  (ill  a  distinct  pink  colouration  remuns  after  stirring,  iiaoh  cc  of 
permanganate  used  correiponds  to  0*0045  gm.  ot  anhydrous  oxalic  acid,  or  to 
O'OOM  gm.  of  glycerin.  Operating  in  the  way  described,  (he  volume  of 
permaDganate  mlution  required  will  generally  range  between  70  and  100  c.c 

C.  Mangold  (Zeit.  /.  angew.  Ch^n.  1891,  400)  advocates  the 
reduction  of  the  excess  of  permanganate  by  hydrogen  peroxide  in 
preference  to  sodium  eulphit«  as  used  by  Alien.  The  author 
simplifies  the  method  by  canying  out  the  oxidation  in  the  cold. 

Method  of  Pbocbddbb:  0*2  to  04  gm.  of  glycerin  is  dissolved  in  about 
900  0.0.  of  water,  10  gm.  potaeeium  hydrate  and  so  much  5  per  cent,  solutdon  of 
permanganate  is  added,  that  for  ea^  part  of  glycerin  about  seven  parte  of 
permanganate  are  present.  The  mixirure  is  allowed  Ui  stand  at  ordinary 
temperature  for  half  an  hour.  Hydrogen  peroxide  is  then  added  until  the  liquid 
is  colourless,  then  well  shaken  and  filled  up  to  one  liter ;  500  o.c.  are  filtered  off 
through  a  dry  filter,  boiled  for  half  an  hour  to  destroy  the  excess  of  peroxide. 

Otto  Hehner  has  experimented  largely  on  the  estimation  of 
glycerol  in  soap  leys  and  crude  glycerins,  the  results  of  which  are 
given  in  /.  S.  C.  I.  viii.  4.  The  volumetric  methods  recommended 
in  preference  to  the  permanganate  are  the  oxidation  with  potassium 
bichromate,  or  the  conversion  of  the  glycerol  into  triacetin. 

The  Biohromate  Kethod. — One  part  of  glycerol  is  completely 
converted  into  carbonic  acid  by  7'486  parta  of  bichromate  in  the 
presence  of  sulphuric  acid.     The  solutions  required  are  : — 

Standard  potassium  bichromate. — ■74'86  gm.  of  pure  potassium 
bichromate  are  dissolved  in  water.  150  c.c.  of  concentrated  sulphuric 
acid  added,  and  when  cold  diluted  to  a  liter.  1  c.c.  =  O'Ol  gm. 
glycerol 

A  weaker  solution  is  also  made  by  diluting  100  c.c.  of  the  strong 
solution  to  a  liter. 
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Theae  eolutions  shoukt  be  controlled  by  a  ferrous  Bolution  of  kaown 
Btrength,  if  there  ia  any  doubt  about  the  purity  of  the  bichromate. 

Solution  of  double  iron  salt. — 240  gm.  of  ferrous  ammonium 
sulphate  are  dissolved  with  50  c.c.  of  concentrated  sulphuric  acid  to 
a  liter,  and  its  relation  to  the  standard  bichromate  must  be  accurately 
found  from  time  to  time  by  titration  with  the  latter,  using  the 
ferricyanide  indicator  (§  37). 

Ukthod  of  PbocedubB:  With  coaoentrated  or  tolenblj  pure  mmplex  ot 
glycerin  it  is  oalj  necesiary  to  take  a  amall  weighed  portion,  a«y  02  pn.  or  «o, 
dilute  moderately,  add  10  or  16  o.o.  of  concectrated  aulphoric  acid  and  80  or  40  o.e. 
at  the  stronger  tnchromate,  phtce  the  beaker  covered  with  »  watch  glua  in  a 
water  bath  and  digest  for  two  hours ;  the  excess  of  bichromate  is  then  found  by 
titration  with  the  standard  iron  solution.  The  weaker  bichromate  is  useful  in 
completing  the  titration  where  accuracy  is  required.  As  the  stronger  bichromate 
and  the  iron  solution  are  both  concentrated,  they  must  be  used  at  a  temperature 
as  near  16°  C.  as  possible.  If  the  operation  be  carried  out  on  a  water  bath  and 
kept  at  normal  t^perature  during  the  operation  no  correction  will  be  necessary. 
In  the  case  of  crude  glycerin  it  must  be  purified  from  chlorine  or  aldehyde 
compounds  *a  follows:— About  16  gm.  of  the  diluted  sample  is  placed  in  a 
100  c.c.  flask,  some  moist  silver  oiide  added,  and  allowed  to  stand  10  minutes, 
Basic  lead  acetate  is  then  added  in  slight  excess,  the  metuure  made  up  to  100  c.c, 
filtered  through  a  dry  filter,  and  35  c.o.  or  so  digested  with  eioees  of  bichromate, 
and  titrated  as  before  described. 

Richardson  and  Jaff^  have  published  a  modification  of  this 
method  for  the  treatment  of  crude  glycerins  {J.  S.  C.  I.  1898,  330). 

Mkthod  op  Pbocedubb  :  26  gm.  of  the  jomplei)  are  made  with  water  up  to 
60  c,c.  of  eolution,  and  ot  this  25  c.c.  are  taken,  and  precipitated  with  7  c.c  of  the 
official  solution  of  basic  acetate  of  lead  (Liquor  Plumbt  Sutncetatis  B.P.).  The 
mixture  is  filtered  through  &  Swedish  filter  into  a  250  c.c.  flask.  Repeated 
washiugs  are  made  with  about  150  c.c.  of  cold  water.  The  excess  of  lead  (which 
should  be  small)  is  precipitated  by  an  excess  of  dilute  sulphuric  acid.  After 
making  to  the  mark  and  shaking,  the  liquid  is  poured  on  to  a  dry  Swedish  filter, 
20  c.c.  of  the  Sltrate  (representing  2  gm.  of  the  original  !>ample  of  crude  glycerin) 
are  pipetted  into  a  beaker,  the  month  of  which  is  closed  by  a  funnel  with  short 
stem ;  then  25  ce.  ot  Hehner's  strong  standard  bichronuite  solution  are  added ; 
finally  26  c.c.  of  pure  sulphuric  acid  are  cautiously  mixed  with  the  other  fluids. 
After  20  minutei'  heating  in  a  natei^bath,  the  oxidation  is  complete.  After 
coaling,  the  liquid  is  made  to  260  c.c.  with  water,  and  this  solution  ia  then 
titrated  upon  20  c.c.  of  a  solution  containing  2'9M2  per  cent,  of  the  double 
sulphate  of  iron  aud  ammonia,  using  ferricyanide  of  potsssium  to  determine  the 
end-reaction  in  the  usual  manner. 

The  portion  of  tJie  iron  solution  taken  represents  O'Ol  gm.  of  glyoerin ;  there- 


i  -  (0-25-^  '  O'Ol)  X  500 

(0'25  gm.  is  the  equivalent  of  glycerin  reprewnted  by  the  26  c.c.  of  bichromate 
used,  containing  74'86  gm.  per  Titer). 

In  thecaseof  aspent  lye  we  take  2'5gm.  aud  dilute  toSOc.o. ;  the  precipitatdon 
of  chlorides  and  organic  impurities  is  effected  by  the  addition  of  a  slight  excess 
of  the  solution  of  basic  lead  acetate,  and  the  operation  proceeds  as  in  the  case  of 
the  crude  glycerin,  with  the  exception  that  the  lead  sulphate  is  filtered  off  and 
thi!  filtrate  is  concentrated  to  about  25  c.c.  before  the  addition  of  the  bichromate 
and  the  sulphuric  acid  is  made. 

The  Acetin  Metfaod.-This    method    is   due  to  Benedikt  and 
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Cantor  (Mimatehe/t  ix.  521),  and  recommende  itself  by  its  simplicity 
and  rapidity  as  compared  with  other  methods.  Mehner  has  point«d 
out  the  precautions  necessary  to  insure  accuracy  as  follows  ; — 

Hbthod  of  Fboceovbe:  About  16  gm.  at  the  crude  gljoenn,  accurately 
weighed,  is  placed  in  a  round-bottomed  flask  holding  about  100  c.c,  together  with 
7  gm.  ot  acetic  anhydride  and  8  gm.  of  perfectly  auliydrouB  Bodinm  uetate ;  an 
upright  condenser  ia  altacbed  to  the  flank,  and  the  oauteutB  are  heated  to  gentle 
boiliug  for  one  hour  and  a  half.  After  cooling,  60  c.c,  of  w»ter  are  added 
through  the  tube  of  the  condenser,  and  the  mixture  heated,  but  not  boiled  until 
all  triftcetin  has,  bj  shaking,  disBolved.  I'he  Bolution  is  then  filtered  into  a  luve 
flaek,  the  residue  or  filler  veil  washed,  the  liquid  cooled,  wme  pheuolpbthalein 
added,  and  the  acidity  exactly  neutralized  by  a  dilute  solution  of  caiuitic  eoda; 
whilst  running  in  the  coda  the  liquid  must  be  shaken  continually  to  causeequal 
division  of  the  alkali.  The  neutral  point  ia  reached  when  the  ftightly  jeUtnrjidi 
colour  is  just  changed  to  reddish-yellow.  It  must  not  be  pink  or  the  test  ia 
spoiled,  as  the  excess  of  soda  cannot  be  titrated  back  owing  to  any  eioeas  of  alkali 
eaponifying  a  portion  of  the  acetin.  The  triacetin  is  then  saponified  by  adding 
26  o.c,  of  an  approximately  10  per  cent,  solution  of  pure  caustic  soda  staudardiied 
on  normal  sulphuric  or  hydrocblorio  acid,  and  boiling  for  10  minutes,  takir^  care 
to  attach  a  reBui  condenser  to  the  Bask.  The  excess  of  alkali  is  then  titrated  back 
with  normal  acid,  each  c.c.  of  which  reprefente  0'03O67  gm,  of  glycerin. 

It  Ib  eeaential  that  the  praceiiBee  of  analysis  should  be  rapid  and  continuous, 
and  especially  that  the  free  acetic  acid  in  the  first  process  be  neutraliied  very 
cautiously,  and  with  constant  agitation  to  avoid  the  local  action  of  alkali. 

Weak  soap  lyes  should  be  concentrated  to  50  jjer  cent,  of  glycerin. 
if  estimated  by  the  ocetin  method ;  if  not  the  bichromate  method 
muat  be  used. 

For  tats  and  soaps  about  3  gm.  should  be  saponified  with  alcoholic 
potash,  diluted  wiUi  200  c.c.  of  water,  the  fatty  acids  separated  and 
filt«red  off.  The  filtrate  and  washings  are  then  rapidly  boiled  to  one 
half  and  titrated  with  bichromate. 

In  the  case  of  crude  glycerins  the  permanganate  method  is  not  so 
reliable  as  the  acetin  or  bichromate  methods,  owing  probably  to  the 
oxidation  of  foreign  matters  into  oxalates.  Hehner  has  shown  by 
comparative  experiments  with  both  acetin  and  bichromate  methods 
that  the  results  agree  well,  and  the  same  has  been  yerified  by. 
Lewkowitsch. 

The  latter  authority  has  called  attention  to  the  difficulties  which 
occur  in  examining  crude  lyes  for  glycerol  at  the  present  time  owing 
to  the  very  impure  fata  used  in  soap  nmking,  etc.  {Anaiyet  xsviii.  104). 
The  bichromate  method  is  liable  to  produce  very  high  resulte.  The, 
acetin  process  can  only  be  applicable  to  strong  lyes  containing  not  less 
than  about  60  per  cent,  of  glycerol  and  cannot  therefore  be  used  with 
weak  lyes.  The  best  method  is  therefore  to  take,  say,  1000  gm.  or  cc., 
purify  the  lye  and  concentrate  down  so  as  to  prepare  a  crude  glycerin 
in  which  the  glycerol  may  be  estimated  by  the  acetin  method. 

INDIOO. 

(Indigotin  C,«H,„NjOs.) 

g  91.  The  valuation  of  indigo  for  its  real  dyeing  property  has 
created  for  many  yeara  past  a  large  number  of  chemical  processes^  but 
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tlioM  whk'li  give  anything  like  reliable  resiilte  seeui  to  necessitate  an 
eiiormoua  amount  of  time  and  care,  together  with  very  complicated 
forma  of  apporatiis,  the  use  of  which,  successfully,  requires  the 
purification  of  tlie  commercial  material  from  various  accompaniments 
in  order  to  get  aaLisfactoty  resilltfi. 

One  of  the  earliest  methods  used  was  the  iiermtuiganate  teat,  but 
owing  to  the  presence  of  other  substances  in  the  natural  product 
which  afi^ted  tlie  test  as  though  they  were  true  indigotin  it  ceased 
to  coUimand  much  cuntidence. 

Longer  experience  and  the  discovery  of  metliods  for  cleansing  the 
raw  materia!  l\ave,  however,  overcome  tlie  former  difficulty  to  a  great 
extent,  and  C.  Kawson  has  contributed  to  various  journals  improved 
permanganate  methods  {Joui-ti.  Soc.  Dyei-»  an/l  ColouTifie,  1885,  74; 
and  J.  S.  C.  I.  1899,  25l).  In  the  first  communication  the  oxidation 
of  sulphindigotic  acid  by  permanganate  is  described  as  follows  : — 
.  Hetbod  or  Procedi'bb  :  To  obtuu  &  mlution  of  eulphindigotic  acid,  1  gm. 
of  Soely-powdered  indiffo  is  intimately  mixed  in  s  small  mortar  with  its  own 
HeL^lit  of  ^imd  itlass.  The  miiture  i«  gTadu&ll>'  and  oirefutly  wlded  durinK 
constant  stirring  with  a  glass  rod  U)  20  c.c.  of  concentrated  HiSO^  (sp.  |^. 
l'B46)  oontsined  in  a  cylindrical  porceUin  crucible  (cap.  60  c.c.) ;  the  mortar  is 
rinsed  out  with  a  little  powdered  glam,  which  is  added  to  the  contents  of  the 
crucible,  and  the  whole  is  exposed  in  a,  steam-oven  for  a  period  of  one  hour  to  a 
temperature  of  90°  C.     The  sulphindigotic  acid  thus  formed  is  diluted  with  water 

'   made  up  to  a  liter.    The  mtution  must  be  Altered,  in  order  ti 

e  would  interfere  with  the  Bi 

ire  measured  into  a  porceUi 
To  this  diluted  liquid  a  solution  of 
potassium  permanganate  (0'5  gm.  per  liter)  is  gradually  run  in  from  a  Intrette 
until  the  liquid,  which  at  firal  tskea  a  greenish  tint,  changes  to  a  light  yellow,  the 
sutphindigotio  acid  being  converted  by  oxidation  iiiM  a  yellow  body  named 
sulphiatic  acid.  It  would  appear  that  indigo-red  acts  upon  permanganate  in  the 
same  fvar  aa  indigotin.  whereas  indigo-broirn  is  precipitated  from  its  solution  in 
strong  HjSO,  on  diluting,  and  does  not  aifect  the  reeult;  but  indigo-gluten  and 
the  mineral  portion  strongly  decolourize  permanganate,  Ae  indigo-red  cannot  be 
regarded  ae  an  impurity,  the  inaccuracy  in  the  analysis  may  be  chiefly  ascribed 
to  the  gluten  and  mineral  impurities.  To  eliminate  this  wurce  of  error,  the 
author  makes  use  of  the  property  oF  sodium  sulphlndigotate,  being  almost 
insoluble  in  solutions  of  common  salt.  The  50  c.c.  of  the  filtered  solution  of 
indigo,  instead  of  being  directly  titrated  with  permanganate,  are  mixed  in  a 
small  flask  with  60  c.c.  of  water  and  32  gm.  of  common  salt.  The  liquid. 
which  is  almost  saturated  with  the  salt,  is  allowed  to  stand  for  two  hours,  when 
it  fsilltered,  and  the  precipitate  washed  with  about  50  o.e.  of  a  solution  of 
salt  ,(sp.  gr,  1'2).  The  precipitated  sulphindigotate  of  soda  is  dissolved  in  hot 
wat^r,.  the  solution  is  cooled,  mixed  with  1  c.c.  sulphuric  acid  and  diluted  to 
300  c.c.  The  liquid  is  then  titrated  with  potassium  pennanganate  as  before. 
A  small  correction  is  necessary,  owing  to  the  slight  solubility  of  the  sodium 
sulpbindi^tate  iu  the  salt  solution.  For  0*05  gm.  of  the  indigo  sample 
O'OOQQ  gm.  must  be  added  to  the  amount  of  indigotin  found. 

In  the  later  contribution,  C.  Rawaon  gives  a  new  method  for 
removal  of  impurities  from  indigo  solutions  previous  to  testing,  which 
answers  well  for  technical  purposes  and  is  described  as  follows  : —  . 

When  commercial  indigo  is  dissolved  iu  ooncentrated  sulphuric  acid  and  the 
1i(|uid  diluted  with  water,  the  colouring  matter  remains  in  solution  as  a 
disulphonio  aoid,  and  various  impurities  are  held  in  suspension.  Before  pro- 
ceeding further  with  the  testing  it  is  necessary  to  remove  the  suspended 'matter, 
and  thubusually'dooebyAltration.    Filter-paper  abstracts  some  ol  the  colouring 
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matter,  and  an  thk  account  the  first  portion*  ooming  through  are  rejected  in  the 
Bame  wa;  as  in  testing  tannins.  Some  qualities  of  Rlter-paper  abstract  mora 
colouring  roattfir  than  others,  and  the  rate  of  filtration  also  causes  a  difference. 

Moreover,  some  of  the  suspended  impurities  are  in  an  exceedingly  fine  state  of 
dirixioa,  and  are  liable  to  pata  through  many  kinds  of  fllter-paper,  and  thua  lead 
to  inaoconte  reautte.  In  order  to  avoid  these  souroes  of  error,  a  number  of  testa 
were  made  with  solutions  where  the  impuritiee  were  allowed  to  subside,  but  it 
was  found  that  with  some  classee  of  indigo,  subsidence  was  not  complete  after 
many  hours,  yarious  precipitants  were  then  tried  and  barium  chloride  nas 
found  to  give  most  satisfactory  results.  The  proportions  recommended  are 
»a  follows : — 

Method  of  Pbocedcrb :  05  gm.  of  powdered  indigo  mixed  with  glass 
powder  is  digested  with  2$  c.c,  pure  concentrated  sulphurio  acid  at  a  temperature 
of  70°  C.  for  an  hour.  When  cold,  the  liquid  is  diluted  with  water,  mixed  with 
10  c.c.  of  a  20  per  cent,  solution  of  barium  chloride  and  made  up  to  500  c.c  la 
IS  to  aOmioates  the  barium  sulphateformed,carryingdown  with  it  all  Buspended 
impuritiee,  will  have  settled,  and  the  requisite  amount  of  perfectly  clear  solution 
may  be  withdrawn  by  a  pipette  for  titration.  By  this  means  nut  only  are  the 
results  more  concordant,  but  the  solution  is  clearer  than  when  fllter-paper  is 
used.  In  fact,  the  results  thus  obtained  are  practically  the  same  as  those  given 
by  "  salting  out."  Tests  made  with  pure  indigotin  show  that  no  colouring  matter 
is  precipitated  by  the  barium  chloride. 

Kawaon  laya  apecial  atreaa  on  the  importance  of  using  pure 
sulphuric  acid  for  dissolving  the  indigo.  It  should  not  contain  less 
thajtt  97  per  cent,  of  HjSO^,  and  should  be  quite  free  from  nitrogen 
acids  and  sulphurous  acid. 

With  ind^  containing  more  than  1  or  2  per  cent,  of  indirubin 
(or  red  indigo),  the  ordinary  methods  of  analysis  suitable  for 
estimating  indigotin  are  not  applicable.  Very  good  results  may  be 
obtained  by  a  colorimetric  method.  For  this  purpose  the  following 
ia  recommended : — 

D  01  to  0-2S  L__    _.     

;,  ot  ether  for  bait  an  hour  i[ 
When  oold,  the  solution  is  made  up  to  200  c.c.  with  etber  and  mixed  with  10  c.c. 
of  water  in  a  bottle.  Shaking  up  with  a  tittle  water  causes  the  suspended 
particles  ot  indigo  to  settle  immediately,  and  a  clsir  solution  of  indirubin  is  at 
once  obtained  without  Qltering.  A  measured  quantity  of  the  solution  is  with- 
drawn and  compared  in  a  colorimeter  with  a  standard  solution  of  indirubin. 
The  proportion  of  ether  recommended  may  seem  large,  but  although  pure 
indirubin  is  freely  soluble  in  ether,  it  Is  by  no  means  readily  extracted 
from  indigo. 

For  the  estimation  of  ind^tin  in  indigo  rich  in  indirubin,  it  is 
advisable  to  boil  up  repeatedly  with  alcohol,  and  collect  on  an  aabeatoa 
filter. 

Indirubin  may  also  be  conveniently  removed  by  boiling  with  glacial 
acetic  acid,  as  recommended  by  W.  F.  Kopperschaar. 

In  view  of  the  difficulties  attending  the  separation  of  pure  indigotin 
and  indirubin  from  the  other  constituents  of  indigo,  and  the  possible 
presence  of  substances  similar  to  the  yellow  body  described,'  perhaps 

•  Id  thiiHoOBd  m/a  BavsoBdSKiibea  the  etdatsnca  of  a  ;elIow  compound  touni  in 
Jata  Indigo,  UBOtunlnR  In  Kme  «h«  tio  tO  par  oont.,  nnd  ths  eliftsDM  of  HMoh  iBtmferea 
irjth  uty  of  tlu  Didlnary  teahniool  protMABSS  of  aualysls  used  for  indigo.  It  nuj  be 
dlKOTsnd  V  adding  a  aolntloa  ot  muUa  wxIb  or  lunmonla  to  the  poirdared  indigo 
in  ■  i>blt«  buln  or  on  flltor-papsr.  It  pieaent  the  Btkall  prodncea  a  deep  vellow  oolooi. 
to  laatt  wheM  this  oroors  It  mnit  be  removed  bj  boiling  the  weigiied  lample  ot  indigo  In 
alcohol  and  the  indigo  ealleeted  on  an  asbaitoa  otter,  waebed  with  alcohol  uid  dried  betore 
being  eonvartcd  into  Balphtndlgotle  acid.  It  muit  bs  borne  In  mind,  boweiar,  that  the 
b<dlfi>g  with  aleolwl  also  removes  indimbia. 
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the  beet  general  commercial  method  of  examination  will  be  found  to 
be  one  based  on  colorimetry.  For  this  purpose,  in  order  that  indigotin 
and  indirubin  may  be  estimated  at  the  same  time,  a  good  and  delicate 
colorimeter  in  conjunction  with  Lovibond's  tintometer  ia  a  desider- 
atum. The  relation  Iwtween  the  standard  permanganate  used  and 
indigotin  is  best  established  upon  the  purest  indigotin  obtainable. 

A  much  more  troublesome  method,  but  one  which  is  believed  to 
give  the  most  accurate  results,  is  one  originated  by  Miiller  and 
further  improved  by  Bernathen  (lletieMe  xiii.  2277j.  The  apparatus 
used  is  complicated,  and  is  practically  on  the  same  principle  as  that 
described  for  estimating  oxygen  in  waters  and  figured  here  on 
p^e  277.  A  somewhat  simpler  arrangement  for  indigo  is  described 
by  B.  W.  Gerland  {J.  S.  C.  L  1896,  15),  it  is,  in  fact,  the  same 
apparatus  as  was  used  by  Tiemann  and  Preuss  for  estimation  of 
oxygen  in  waters  {Berichte  xii.  1768),  but  even  with  this  method 
commercial  indigo  cannot  be  successfully  tested  without  previous 
troublesome  purification,  and  is  therefore  hardly  applicable  to  technical 
examinations. 

OILS,   PATS,  AlfD  WAXES. 

§  92.  Thk  examination  of  fatty  matters  by  a  variety  of  physical 
and  chemical  methods,  both  qualitative  and  quantitative,  has  of  late 
assumed  very  considerable  importance,  in  view  of  furnishing  results 
which  aid  in  determining  the  modifications  of  their  normal  nature  by 
various  circumstances  or  the  character  and  amount  of  adulteration  to 
which  they  are  subject.  It  is  impossible  to  produce  in  this  book  the 
records  in  detail  of  experiments  on  various  fets,  oils  or  waxes,  or  the 
tables  which  give  the  results  obtained,  hut  some  of  the  important 
ones  are  given,  and  others  will  be  found  in  various  journals  and  in  an. 
excellent  modern  work.* 

The  accepted  modem  details  of  technical  examination  relating  to 
oils,  fata,  and  waxes,  or  their  admixtures,  comprise : — 

The  proportion  of  free  fatty  acids  or  acid  value. 

The  saponification,  or  Kiittstorfer  value. 

The  proportion  of  volatile  fatty  acids,  or  the  Heichert  value. 

The  percentage  of  insoluble  fatty  acids,  or  the  Hehner  value. 

The  proportion  of  hydroxyacids  or  free  alcohols,  or  the  acetyl  value. 

The  proportion  of  tri-glycerides  or  other  compound  ethers  of  fatty 
acids  present,  or  the  ether  value. 

And  last,  but  not  least,  the  iodine  (or  bromine)  value  for  the 
measurement  of  the  proportion  of  unsaturated  fatty  acids. 

The  methods  required  to  carry  out  the  above  estimations  with  the 
exception  of  fixed  fatty  acids  are  executed  by  volumetric  means. 

The  Add  Value. -This  is  determined  by  the  number  of 
milligrams  of  potassium  hydrate  (EOH)  required  to  saturate  the 
free  fatty  acids  in  one  gram  of  oil,  fat,  or  wax. 

The  standard  alkali  used  in  this  process  may  be  of  *•/,,  >•/(,  or  '•/j^ 

-Lawkowitac 
Wusa.  and  the  C< 
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strength,  accordiag  to  the  nature  and  amount  of  fat,  and  may  be 
either  in  aqueous  or  alcoholic  solution,  and  the  indicator  ia  preferably 
pheaolplithalein.  The  fat  may  be  dissolved  in  pure  alcohol,  methyl 
alcohol,  purified  methylated  spirit,  or  raixtures  of  alcohol  and  ether  j 
hut  whatever  solvent  b  used  it  should  be  tested  for  acidity,  and  if 
any  is  present  it  is  best  neutralized  exactly  with  "/lo  alkali. 

Liquid  oils,  say  about  TO  gm.,  are  weighed  into  a  flask,  and  the 
neutral  solvent,  about  50  c.c,  with  a  few  drops  of  indicator  added. 
The  titration  is  then  made  with  constant  shaking,  taking  care  that  nO' 
great  excess  of  alkali  is  used  so  as  to  produce  saponiflcation, 

The  first  occurrence  of  pink  colour  is  accepted  as  the  end ;  other- 
wise by  standing  a  little  time  the  colour  may  cease,  due  to  eaponifica- 
Irion  of  neutral  ethers.  Solid  fats  or  waxes  should  be  heated  on 
a  water  bath  until  the  solvent  boils,  then  at  once  titrated. 

In  some  substances  mere  alcohol  will  not  give  a  clear  solution 
(which  does  not  really  matter),  but  if  a  clear  solution  is  desired, 
a  mixture  of  ether  and  alcohol  may  be  used  and  the  titration  made 
with  alcoholic  alkali. 

The  number  of  c.c.  of  standard  potash  used  taken  in  miUigrame 
of  KOH  will  give  the  calculation  for  acid  value.  Lowkowitsch 
mentions  that  this  acid  value  is  sometimes  calculated  into  percentage 
of  oleic  acid  (mol.  wt.  28S),  in  which  case  the  value  wili  be  obtained 
by  multiplying  the  number  of  c.c.  of  '^ho  alkali  used  by  0'0282, 
dividing  by  the  weight  of  sample  and  multiplying  by  100.  In  other 
cases,  such  as  lubricating  oils,  the  acid  values  is  sometimes  calculated 
as  SO.^  in  which  case  the  factor  wili  of  course  be  0'004. 

Kdttstorfer  on  the  other  hand  records  the  "degrees  of  acidity  " 
by  the  number  of  cc  of  */,  KOH  required  by  100  gm.  of  the  fat. 

Eottstorfer's  Saponiflcation  T^ue.— This  indicates  the 
number  of  milligrams  of  KOH  required  for  the  complete  saponification 
of  one  gram  of  fat  or  wax.  This  operation  estimates  the  whole  of 
the  acids  existing  in  the  fat.     The  solutions  required  are  : — 

Standard  hydrochloric  acid. — Semi-normal  strength,  i.e.,  18'185  gm» 
per  liter. 

Standard  solution  of  caustic  potash  in  alcohol. — This  should  contain 
about  30  gm.  of  KOH  per  liter.  Methylateil  spirit,  previously 
digested  with  permanganate,  a  little  dry  calcium  carbonate  afterwards 
added,  then  distilled,  rejecting  the  first  portions,  may  be  used  in  place 
of  pure  alcohol.  In  any  case  the  strength  should  not  be  less  than 
90  per  cent.,  and  the  solution  should  be  made  from  alcohol,  which 
will  not  give  a  yellow  colour  after  being  boiled  with  very  strong 
solution  of  caustic  potash  and  left  standing  half  an  hour,  as  it 
changes  in  strength,  it  is  not  possible  to  rely  upon  its  being  semi- 
normal,  but  it  should  be  roughly  adjusted  at  about  that  strength  with 
abBo]ut«ly  accurate  hydrochloric  acid,  and  a  blank  experiment  made 
side  by  side  with  each  titration  of  fat.  It  ia  best  kept  in  the  dark. 
The  excess  of  potash  used  in  the  fat  titration  is  thus  expressed  in 
terms  of  ^/g  acid,  and  to  arrive  at  the  percentage  of  potash,  each  c.c. 
is  multiplied  by  0*02805.     The  saponification  equivalent  of  the  fat  or 
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oil  IB  found  by  dividing  the  weight  in  miUigrama  of  the  sample  by 
the  number  of  c.c,  of  normal  (not  ^f^)  acid  corresponding  to  the 
alkali  neutralized  by  the  oil.  If  the  percentage  of  potash  is  known, 
the  saponifying  equivalent  may  be  found  by  dividing  tliis  percentage 
into  5610,  or  if  NaHO  is  the  alkali  used,  into  4000. 

Method  of  Pbockdube  :  From  OS  to  2  rm.  at  the  fat,  previoualj  purified 
by  meltinK  and  Bllistion,  are  carefuUy  weigbed  into  a  Jena  or  other  good  glaae 
flask  fitted  with  TertJoa!  tube.  26  c.c.  of  standard  aloohnlic  potash  are  then 
added,  the  miiture  heated  on  the  water-bath  to  |;entle  boiling,  irith  oocanonal 
agitation,  until  a  perfectly  clear  solution  a  obtained.  KSttstorfer  reoom- 
mends  heating  (or  fifteen  minutes ;  but  in  thecaseof  butters  this  is^enerally  more 
than  sufficient ;  with  other  fats  twenty  minutes  to  half  an  hour  may  be  required. 
At  the  eud  of  the  saponification  the  flaeks  are  removed  from  the  l»th,  a  definite 
and  not  too  amall  a  quantity  of  pbenolpbthalein  added,  and  the  titration  earned 
out  with  as  little  exposure  to  the  air  as  is  possible. 

The  method  of  calculation  adopted  by  Kottstorfer  is  to  ascertain 
the  number  of  milligrama  of  KHO  required  to  saturate  the  acids 
contained  in  1  gm,  of  fat,  or,  in  other  words,  parts  per  1000.  He 
found  that,  operating  in  this  way,  pure  butters  required  from  221 '5 
to  232'4  m.gm.  of  KHO  for  1  gm..,  whereas  the  fate  usually  mixed 
with  butter,  such  as  beef,  mutton,  and  pork  fat,  required  a  maximum 
of  197  m.gm.  for  1  gm.,  and  other  oils  and  fats  much  less. 

Practically  this  means  that  the  amount  of  KHO  required  for 
genuine  butters  ranges  from  23'24  to  22'15  per  cent.,  the  latter  being 
the  inferior  limit.  If  caustic  soda  is  used  instead  of  potash,  other 
numbers  must  of  course  be  used. 

The  following  list  shows  the  parts  of  KHO  required  per  1000  of 
fat;  the  first  four  being  calculated  from  their  known  equivalents,  the 
rest  obtained  experimentally  by  Kottstorfer,  Allen,  Stoddart, 
or  Archbutt  :— 


189—196 
lW-196 
190-iei 
191-106 
176—179 
182—187 
186-187 
176-178 
180—134 
S4'6 


A  further  application  of  this  method  may  be  made  in  estimating 
separately  the  amounts  of  alkali  required  for  saturating  the  free 
fatty  acids  and  saponifying  the  neutral  glyceridea  or  other  ethers 
of  any  given  sample  of  fat,  oil,  or  wax  (see  Allen,  Organic 
Analysis  iL  45,  76,  also  Lewkowitsch,  2nd  edit.  p.  153). 

The  Ether  Value.- This  indicates  the  number  of  milligiams  of 
KOH  required  for  the  saponification  of  the  neutral  ethers  in  one 
gram  of  fat  or  wax. 

Where  the  fat  contains  no  free  fatty  acids  the  ether  value  is  the 


Tripalmitin  -        - 

aos-8 

Linseed 

Tristsarin     -        - 

1801 

Cottonseed- 

Trioldn       -       - 

190-4 

Whale 

Tributyiin  - 

567-8 

Seal      -       - 

Coooanut  Oil 

270-0 

Colza  and  Hape 

£J5"  ;    : 

J97-0 
J  066 

Cod  Oil 
Pilchapd        - 

Horse  Fat    ■ 

i»e'4 

Castor 

Lard  Oil      -        - 

191-196 

IK.    : 

Olive  Oil      -        - 

191-196 

Niger  Oil     -       - 

189—191 

.OO^^  IC 


S  92.  BUTTER,  381 

same  aa  the  previously  mentioned  saponification  value,  but  as  many 
fats  OF  waxes  do  contain  small  quantities  of  free  fatty  acids  the 
saponifleation  value  includes  both,  and  therefore  the  ether  value  is 
the  difference  between  the  saponification  and  the  acid  value. 

The  Beiohert  Value.— This  indicates  the  number  of  cubic 
centimeters  of  ''/lo  KOH  required  for  the  neutralization  of  the 
portion  of  volatile  fatty  acids  obtainetl  from  2'5  gm.  of  fat  or  wax 
when  distilled  by  the  Reichert  process.  The  Reichert-Meissl 
value  is  that  which  is  estimated  on  5  gm.  of  fat  or  wax.  The  results 
l>etween  the  2'5  and  6  gm.  methods  do  not  necessarily  agree  exactly, 
and  it  is  of  course  understood  that  the  method  does  not  give  the  exact 
total  amount  of  free  acids,  but  is  at  the  same  time  a  very  excellent 
method  of  obtaining  comparable  numbers  between  a  variety  of 
materials,  and  is  especially  useful  in  discriminating  genuine  from 
adulterated  butter. 

The  description  of  the  process  as  used  for  butter  will  practically 
apply  to  other  fatty  matters. 

BUTTEB. 

The    Beiohert's    or    Beiobert-MeiBsI    Method,— This 

method  is  based  on  the  fact,  that  butter  fat  in  a  genuine  state  never 
contains  leas  than  4  per  cent,  of  volatile  fatty  acids,  whereas  other  fats 
contain  either  none  at  all  or  very  much  less  than  butter.  The  process 
consists  in  saponifying  the  fat  t^  be  examined  by  an  alkali,  separating 
the  iixed  acids  by  neutralizing  the  allcali,  and  distilling  off  the 
volatile  acids  (chiefly  butyric  and  caproic)  for  titration  with  standard 
acid.  In  this  and  Kottstorfer's  method,  where  also  alcoholic 
solution  of  caustic  alkali  is  used,  it  is  essential  to  avoid  absorption 
of  COj  by  long  exposure. 

The  necessary  solutions  are : — 

1.  Standard  barium  or  potassium  hydrate.  **/!()  strength  is  most 
convenient,  but  any  solution  approximating  to  that  strength  may 
be  used,  and  a  fector  found  to  convert  it  to  that  strength  in 
calculating  the  results  of  titration.  It  must  be  carefully  preserved 
from  COj  by  any  of  the  usual  arrangements,  and  where  a  constant 
series  of  titrations  are  carried  on,  it  is  best  to  have  a  store  bottle  and 
burette  fitted,  as  shown  p.  12,  fig.  11. 

2.  Phenol phthalein  indicator,  see  p.  35. 

3.  Alcohol  of  about  90  per  cejit.  strength,  and  free  from  acid  or 
aldehyde. 

4.  Solution  of  caustic  soda.  Made  by  dissolving  100  gm.  of 
good  sodium  hydrate  in  100  cc.  of  distilled  water  which  has  been 
recently  well  boiled  and  cooled  ;  this  solution  will  not  be  contaminated 
with  COj  to  any  extent,  since  any  Na^COj  which  might  be  formed  ie 
quite  insoluble  in  the  strong  solution ;  it  must  be  aDowed  to  stand 
until  quite  clear,  then  poured  off  and  well  preserved.  Or  better  than 
this,  about  2  gm.  of  solid  stick  potash  or  soda  may  be  added  with 
50  c.c.  of  alcohol  to  5  gm.  of  butter  when  commencing  saponitication.. 
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5.  Sulphuric  scid  for  separating  the  fatty  acids,  ia  made  by 
diluting  25  c.c.  of  strongest  HjSO,  to  a  liter  with  water. 

6.  The  apparatus  for  digestioa  and  distillation  are  ahown  in 
fig.  56,  the  same  Erlenmeyer  flask  being  used  for  the  digestion  and 
for  the  distillation.  The  distilled  liquid  drops  into  a  small  funnel 
containing  a  small  porous  filter  for  sepaiating  any  scum  which  may 
pass  over  with  the  distillate ;  the  receiver  holding  the  funnel  is 
marked  at  50  c.c.  and  100  c.c,  so  as  to  be  available  for  either  2*6  gm. 

I.  of  butter  fat. 


Eg.  66. 

The  following  method  of  manipulation  as  drawn  up  by  tlie 
Association  of  Official  Agricultural  Chemists,  U.S.A.,  is  recommended 
as  being  all  that  is  required  to  ensure  accuracy,  and  applies  to  the 
treatment  of  approximately  5  gm.  of  fat  for  each  operation.  Many 
operators  prefer  to  take  about  half  that  quautity,  which  saves  time, 
and  need  not  be  any  the  less  accurate. 

Pbocbss,  WBiaHiMO  THB  Fat  :  The  butler  or  fat  to  be  eiaiuEaed  should  be 
melted  and  kept  Id  a  dry,  wnrm  place  at  about  00°  C.  for  two  or  three  hours 
until  the  moieture  ftiid  curd  have  eutirely  settled  out.  The  uleao  HupemstAiil 
fst  IB  poured  off  and  filtered  through  a  dry  filter-paper  \a  a  jacketed  Dlter 
containing  boiling  water,  to  remove  all  foreign  matter  and  any  traces  of  Dtolnture. 
Should  the  filtered  fat  in  a  fused  state  not  be  perfectly  dear  the  treatment  above 
mentioaed  must  be  repeated. 

The  aaponificatinu  Haska  are  prepared  by  having  them  thoroughly  washed  with 
water,  alcohol,  and  ether,  wiped  ;ierfeotly  dry  on  the  oiitnide,  and  heated  for  one 
hour  to  100°  C.  The  fiasks  should  then  be  placed  in  a  tray  by  the  side  of  the 
balance  and  covered  with  a  silk  handkerchief  until  tliey  are  perfectly  cool.  They 
must  not  be  wiped  with  a  silk  handkerchief  nithin  £fteen  or  twenty  minutes  of 
the  time  they  ate  weighed.  The  wei^t  of  each  flaok  it  determined  aocurately, 
umng  a  Bask '  for  a  counterbalance  or  not,  as  may  he  convenient.  The  weight  ot 
the  flasks  having  been  accurately  determined  they  ore  charged  with  the  melted 
fat  in  the  following  way  : — 

A  pipette  with  a  long  stem  marked  to  deliver  6'TG  c.c  is  warmed  to  a 
temperature  of  about  SC  V,  The  fat  having  been  poured  back  and  torth  onoe  or 
twice  into  a  dry  beaker  in  order  !«  thoroughly  mix  it,  it  is  l«ken  up  in  the 
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nipette,  the  noule  of  the  pipette  otnied  to  ii«<u-  the  bottom  of  the  flwk,  it  having 
beea  previously  wiped  to  remove  ttuy  adhering  (at.  Tho  67S  o.o.  of  fot  ue 
allowed  b>  flow  into  the  flastc  and  the  pipette  is  lemoved.  After  the  flasks  have 
becD  charged  ia  this  way  tbey  should  be  ro-oovered  with  tlie  silk  handlierohief 
and  allowed  to  stand  fifteen  or  twenty  minutes,  wlien  thej  are  agaio  weighed  to 
'n  Uie  exact  amount  ot  tat. 


Thb  Saponification  :  10  c.c.  ot  90  per  oent.  alcohol  are  added  to  the  tat  in 
the  Bask,  2  c.c.  of  the  concentrated  soda  solution  or  2  gm.  of  solid  alkali  are 
added,  a  soft  cork  stopper  inserted  in  Hie  flask  aod  tied  down  with  a  piece  of 
twine.  The  saponiflcation  is  then  completed  by  placing  the  flasks  upon  the  water 
or  steam  bath.  The  Basks  durii^  the  saponiRcation.  which  should  last  for  one 
hour,  should  be  gently  rotated  from  time  to  time,  being  careful  not  to  project 
the  soap  for  any  distance  up  the  sides  of  the  flask.  At  the  end  of  au  hour  the 
flasks,  ^ter  having  been  cooled  to  acM  the  room  temperature,  are  opened.  If 
solid  alkali  is  used  instead  of  aqueous  solution,  alooliol  of  76  or  80  i«r  cent,  in 
lai^r  quantity  may  be  used. 

Bbmotal  of  tss  Alcohol  :  The  stoppers  having  been  hud  loosely  in  Ibe 
mouth  of  the  flasks,  the  alcohol  is  removM  b;  dipping  the  flasks  into  a  steam 
bath.  The  steam  should  cover  the  whole  of  the  flask  except  the  neck.  After  the 
alcohol  is  nearly  removed,  frothing  may  be  noticed  in  tbe  soap,  and  to  avoid  any 
loss  from  this  cause,  or  any  creeping  of  the  soap  up  the  sides  of  the  flask,  it 
should  he  taken  from  the  bath  and  shaken  to  aud  fro  until  the  frothing 
disappears.  The  last  traces  of  alcohol  vapour  may  be  removed  from  the  flask  by 
waving  it  briskly,  tnouth  down,  to  and  fro.  Complete  removal  of  the  alcohol 
with  the  precautions  above  noted  should  take  about  forty-five  imnutes, 

BissoLViHO  THB  SoAP  1  After  the  removal  ot  the  alcohol  the  soap  should  be 
dissolved  by  adding  100  c.c.  ot  recently  boiled  distilled  water,  and  warmed  on  the 
steam  bath  with  occasional  shaking  until  the  soap  is  completely  dissolved. 

SmriNO  Fbbb  thb  Patty  Acids  ;  When  the  soap  solution  has  cooled  to 
about  60"  or  70°  C,  the  &tty  acids  are  separated  by  adding  40  cc.  ot  the  dilute 
sulphuric  acid  mentioned  above. 

Ubltino  thb  Fattt  Acids  :  The  flasks  should  now  be  re-stoppered  as  in 

the  first  instance,  and  the  fatty  acids  melted  by  replacing  the  flasks  on  the  steam 
bath.  According  to  the  nature  of  the  fat  examined  the  time  required  tor  the 
fusion  of  the  fatty  acids  may  vary  from  a  few  minutos  to  hours. 

Thb  DiSTiLiiTiO."* ;  After  the  fatty  acids  are  completely  melted,  which  can 
be  determined  by  their  forming  a  transparent  oily  layer  on  the  surface  ot  the 
water,  the  flasks  are  cooled  to  room  temperature  and  a  few  pieces  of  pumice  stone 
added.  The  pumice  stone  is  prepared  by  throwing  it,  at  white  heat,  into  distilled 
water,  and  keeping  it  under  water  until  used.  The  flask  is  now  connected  with 
the  condenser,  slowly  heated  with  a  naked  flame  until  ebullition  begins,  oud  then 
the  distillation  continued  by  regulating  the  flame  in  such  a  way  as  to  collect 
100  0.0.  ot  the  distilkte  in  as  nearly  as  possible  thirty  minutes. 

Some  operators  distil  110  c.c.  from  6  gm.  of  butter  into  an  ordinary 
measuring  flask,  then  Alter  and  use  100  c.c.  for  titration,  the  number 
of  c.c.  of  alkali  used  i.s  multiplied  by  I'l  whicli  gives  the  Reichert- 
MeissI  value. 

The  above  methods  of  preparation  are  somewhat  tedious,  but 
experienced  operators  v^ill  iind  methods  of  working  so  as  to  occupy 
less  time  without  loss  of  accuracy. 

Titbatioit  of  THE  Volatile  Acids  ;  f  be  100  c.c.  ot  the  filtered  distilkte 
are  poured  into  a  bs^er  holding  from  200-250  c.c,  05  cc.  of  phenol phtfaaldn 
solution  added,  and  decinorm:(l  b\rium  or  potassium  hydrate  run  in  until  a  red 
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colour  is  produced.  The  ooiit«al«  ot  the  beaker  are  then  returned  to  the 
meaauiing  Bask  to  reiooTe  an;  acid  remaining  therein,  poured  again  into  the 
beaker,  and  the  titntion  oontinued  until  t^e  red  colour  produced  remain^ 
apparently  unchanged  for  too  or  three  minutes. 

Where  the  greatest  accuiacy  ia  required  it  is  best  to  tarry  out 
side  by  side  a  blank  experiment  with  the  same  amounts  of  alcohol, 
alkali,  etc. 

It  must  be  borne  in  mind  that  this  method  is  not  one  of  strict 
pherttical  accuracy,  but  the  experience  of  the  author  and  a  host  of 
other  very  competent  operators  clearly  show,  that  the  distillate  from 
5  gm.  of  genuine  normal  butter  fat  produced  in  districts  of  medium 
temperature,  when  carried  out  as  described,  should  require  not  less 
tlian  24  c.c.  of  ^/lo  alkali  to  neutralize  the  volatile  acids  present. 
It  is  true  that  butters  known  to  be  genuine  have  occasionally  been 
found  to  give  lower  figures  from  some  unexplained  causes,  one  of 
which  seems  to  be  due  to  milk  taken  from  cows  towards  the  end  of 
their  period  of  lactation.  The  figure  may  also  rise  to  32  or  33  c.c.  of 
alkali.  This  is  often  the  case  with  butters  produced  in  warmer 
climates  than  Great  Britain.  The  general  average  for  butters  taken 
from  the  mixed  milk  of  a  number  of  cows  will  be  between  27  and 
28  c.c,  whereas  margarine  will  rarely  require  more  than  0-5  c.c,  beef 
fat  and  lard  about  the  same,  while  cocoa-nut  fat,  which  gives  the 
highest  figures,  requires  about  7  c.c. 

It  may  therefore  he  concluded  that  any  sample  of  butter  fat  which 
requires  less  than  24  c.c.  of  *'/io  alkali  must  be  looked  upon  with 
suspicion. 

The  minimum  value  adopted  in  Great  Britain,  France,  and 
(iermany,  is  24;  Sweden,  23;  and  Italy,  20. 

The  Acetyl  Value. — Tliis  indicates  the  number  of  milligrams  of 
KOH  required  for  the  neutralization  of  the  acetic  acid  obtained  on 
saponifying  1  gm.  of  the  acetylated  oil  or  fat.  This  treatment  of  fata 
waa  introduced  by  Benedikt,  and  a  process  by  himself  and  Ulzer  for 
acetylation  and  estimation  was  arranged ;  but  as  the  results  were  not 
consistent  with  modem  ideas,  Lewkowitsch  modified  the  method  as 
shown  by  his  paper  on  the  subject  {J.  S.  C.  I.  1897,  503),  and 
proposed  to  determine  the  true  acetyl  value  by  actually  titrating  the 
amoimt  of  acetic  acid  assimilated  by  the  hydroxylated  acid  in  the 
form  of  acetyl  CaH^O  and  given  up  on  saponification  as  acetic  acid  to 
.    the  standard  alkali. 

The  method  is  as  follows  :— 

Methob  of  Peockdcre  :  10  gm.  ot  an  oil  or  fat  (or  any  other  convenient 
number  of  gm  )  are  boiled  with  an  equal  volume  ot  acetic  anhydride  tor  two 
hours  in  a  round-bottomed  Sask  attached  to  an  inverted  condenser.  The  mixture 
is  then  transferred  to  a  large  beaker,  miied  with  several  hundred  c.c.  of  water 
and  boiled  for  hall  an  hour.  A  slow  current  of  carbonic  dioxide  is  conveniently 
passed  into  the  liquor  through  a  finely  drawn  out  tube  reaching  nearly  to  the 
bottom  of  tho  beaker ;  this  is  done  to  prevent  bumping.  The  mixture  is  then 
allowed  to  separat*  into  two  layers,  the  water  is  syphoned  off  and  the  oily  layer 
again  boiled  out  in  the  same  manner  until  the  last  trace  of  acetic  acid  is 
removed.     This  is  ascertwned  by  testing  with  litmus  paper.     The  acetylated 
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Sroduct  is  then  freed  from  water  and  So&lly  filbired  through  Glter-paper  In  » 
tying  oven. 

This  operation  may  be  carried  out  qiuuititatiTely,  and  in  that  case  the  irashing 
IB  bestjOone  on  a  weighed  filter.  On  net(;hin^  the  acetylated  oil  or  fat,  an 
increase  of  weight  would  prove  that  assimilation  of  acetyl  gronps  has  tAkeD 
place.  This  method  may  be  found  useful  to  sacertain  preliminarily  whether  a 
Qot&ble  amount  of  bydroxylated  acids  is  present  in  the  sample  under 
examination. 

2  to  4  gm.  of  the  aoetylated  substeace  are  then  Bapoalfied  by  means  ot 
alcoholic  potash  solution  as  in  the  weU-knoim  determination  of  the  saponiflcation 
value.  If  the  "  diilillalioa  pmcta  "  be  adopted  it  is  not  necessary  to  work  with 
an  accurately  measured  quantity  of  stmidHrdised  alcoholic  potash.  In  case  the 
"fiUralim  proctm"  be  used,  the  alcoholic  potash  must  be  measured  eiaotLy. 
(It  is,  however,  advisable  to  employ  in  either  cose  a  known  volume  of  standard 
alkali,  as  one  is  then  enabled  to  detenuine  the  sapoDlGcation  value  ot  the 
acetyUted  oil  or  fat).  Next  the  alcohol  is  evaporated  and  the  soap  dissolved  in 
water.  From  this  stage  the  determination  is  carried  out  eitlier  by  (a)  the 
"  distillation  process  "  or  (i)  "  filtration  process." 

(a)  SlSTILLaTION  Fbocesb. — Add  dilute  sulphuric  acid  (1  :  10)  more  than 
to  saturate  the  potash  used,  and  distil  the  liquid  as  is  usual  iu  Betcbert's 
dintillntion  process.  Since  a  large  quantity  of  water  must  be  distilled  off,  either 
a  current  ol  steam  is  blown  through  the  suspended  fatty  acids  or  water  is  run 
into  the  distilling  Qask,  from  time  to  time,  through  a  stoppered  funnel  Qied  in 
the  cork,  or  any  other  convenient  device  is  adopted.  It  will  be  found  quite 
sufficient  to  distil  over  500  to  TOO  c.c,,  as  the  last  100  c.c.  practicallr  contain  no 
acid.  Then  filter  the  distillates  to  remove  any  insoluble  acids  carried  over  by  the 
steam,  and  titrate  Uic  filtrate  with  ^lio  potash,  phenolpbthalein  being  the 
indicator.  Multiply  the  number  of  c.c.  by  S'dl,  and  divide  the  product  by  the 
weight  of  substance  taken.     This  gives  the  aceli/t  valvr. 

(b)  Fl!,Ti(iTfON  Pbocgss.  —  Add  to  the  soap  solution  a  quantity  ot 
standardized  sulphuric  acid  exaelli/  corresponding  to  the  amount  of  alcoholio 
potash  employed,  and  warm  gently,  when  the  fatty  acids  will  readily  collect  on 
the  top  as  an  oily  layer.  {If  the  saponitlcation  value  has  been  determined,  it  is, 
ot  course,  necessary  to  take  into  account  the  volume  of  acid  used  for  titrating 
back  the  eioeas  of  potash.)  Filter  off  the  liberated  fatty  acids,  wash  with  boiling 
water  until  the  washings  are  no  longer  acid,  nnd  titrate  the  filtrate  with  ^/lo 
potash,  using  phenolphtholein  as  indicater.  The  acetyl  value  is  calculated  in 
the  manner  ahown  above. 

Both  methods  give  identical  results,  but  (4)  will  be  found  shorter  and  mora 
convenient  than  (a). 

The  meaning  of  the  acetyl  value  in  fats  is  furtlier  explained  in 
a  lengthy  i»per  by  Lewkowitsch  {Anali/st  xxiv.  319 — 328)  contain- 
ing tables  giving  results  with  a  variety  of  oils,  fats,  and  waxes,  to 
which  the  enquirer  innat  be  referred.  A  slight  mollification  in  the 
above  processes  is  also  given  as  follows  : — 

The  weight  ot  the  aoetylated  product  required  for  the  detormmalion  of  the 
acetyl  value  should  preferably  be  increased  to  about  o  gm  as  for  this  quantity 
1  c.c.  of  J'/io  KOH  corresponds  with  about  1  unit  in  acetyl  value 

The  distilled  water  used  in  determining  the  value  bj  either  the  distillation  or 
filtration  process  should  be  carefully  freed  from  COj  by  previous  boiling,  as 
otherwise  serious  errors  may  be  made.  Even  the  water  used  for  seuerating 
steam  in  the  distillation  process  should  be  brought  to  violent  ebullition  before 
the  steam  is  passed  into  the  distilhiu'  Bask.  This  wurce  of  error  ma}  easily 
occur  in  the  case  ot  very  hard  water.  Check  eiperiments  with  pure  acetic  acid 
will  reathly  guide  the  operator,  if  necessary.  In  order  to  ticilitale  the  'epiration 
ot  the  insoluble  tatty  acids  in  the  filtration  process,  it  mil  be  found  useful  to 
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add  a  dieht  exoeM  of  miDenl  acid.    Of  course  tiiis  fttuount  must  be  meMurad 
accuratel]-,  and  deducted  from  the  alkali  required  for  delennining  the  diwolved 

The  Bromine  Valu.e.^TIiiB  indicates  the  percentage  of  bromine 
absorbed  by  fats  or  waxes.  The  best  method  of  carrying  out  this 
examination  is  tiiat  of  blills  and  Snodgrass.  The  idea  of  uaing 
bromine  is  by  no  means  new.  Cailletet  in  1857  adopted  such 
a  method;  but  the  difficulty  then,  and  up  to  the  time  when  the 
task  was  undertaken  by  the  ojieratora  mentioned,  was  the  accurate 
measurement  of  the  excess  of  bromine  used,  and  the  adaptation  of 
sacli  a  solvent  for  both  the  fats  and  the  bromine  as  would  exclude 
the  presence  of  water,  and  tlio  tendency  to  form  substitution  products 
of  variable  and  unknown  character  in  preference  to  merely  additive 
products. 

Our  knowledge  of  tlie  exact  composition  of  the  great  family  of 
fata  and  oils  is  even  at  present  limited,  and  it  is  not  possible  to  make 
this  reaction  possess  any  strict  chemical  valency ;  but  experiment  has 
shown  that  there  are  certain  well-defined  fats  which  absorb  within 
a  very  narrow  Umit  the  same  amount  of  the  halogen  under  the  same 
conditions,  and  hence  the  method  may  be  made  highly  suggestive  aa 
to  uUKtures  of  various  fate  whose  absorption  powers  have  been 
observed. 

In  the  iirst  instance  the  common  solvent  used  for  the  fat  and  the 
bromine  was  carbon  disniphide ;  but  althoiigh  very  good  results  were 
obtained,  compared  with  solvents  previously  tried  by  other  operators, 
there  were  the  drawbacks  of  its  oiTensive  smell,  and  the  solutions  of 
bromine  in  it  did  not  possess  much  stability.  Finally,  Mills  adopted 
carbon  tetrachloride  as  the  medium  with  the  happiest  effects;  and  it 
was  found  that  the  bromide  solution  could  be  preserved  for  at  least 
three  months  without  diminution  of  standard.  On  the  other  hand, 
by  using  this  medium,  there  is  the  necessity  of  working  with  great«r 
delicacy,  since  the  presence  of  the  merest  trace  of  water*  has  more 
effect  in  producing  substitution  compounds  tlian  in  the  ease  of  the 
disulphide.  Tlie  accurate  estimation  of  the  excess  of  bromine,  after 
the  absorption  is  complete,  is  necessarily  a  nutter  of  great  importance; 
and  tliia  can  be  done  either  by  comparison  of  colour  with  bromine 
solution  of  known  strength  (the  least  effective  method) ;  or  by  titiation 
with  thiosulpliate,  using  starch  and  potassium  iodide  as  the  indicator, 
which  is  better.  But,  best  of  all,  the  operators  after  long  research 
found  that  by  using  /3  na]>hthgl  (a  substance  which  is  readily  and 
cheaply  obtainable,  and  which  forms  in  the  presence  of  carbon 
tetrachloride  a  mono-bromo  derivative),  they  could  construct  a  solution 
of  corresponding  streiiKtb  to  the  standard  bromine,  and  thus  titrate 
back  in  the  same  way  as  is  commonly  practised  in  alkalimetry.  Very 
fair  results  were  obtained  colon  metrically  by  adopting  the  device  of 
interposing  a  stratum  of  potassium  chromate  solution,  so  as  to 
neutralize  the  yellow  colour  produced  with  some  of  the  fish  oils,  and 
which  tended  to  mask  the  red  colour  of  the  bromine.     Experiments 
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showed  that,  using  a  bromine  solution  having  a  mean  standard  of 
000644  gm.  per  c.c,  the  average  probable  error  per  cent,  in  a  single 
result,  when  adopting  the  colour  method  or  the  thiosulpbate  and 
iodine  was  0'62,  whereas  with  fi  naphthol  it  was  reduced  to  0'46, 
But  it  is  hardly  necessary  to  say  that,  using  such  a  small  portion 
of  material  as  is  absolutely  necessary  in  o^er  to  avoid  secondary 
results,  considerable  care  and  practice  are  required.  The  sample  of 
oil  or  fat  must  be  dried  as  completely  as  possible,  by  heating  and 
subsequent  filtering  through  dry  scraps  of  bibulous  paper,  or  through 
dry  double  filters,  before  being  weighed. 

Method  of  Fbocedubb  :  0*1  to  02  gm.  oF  the  fal  i»  dissolved  in  50  c.c  of 
the  tetrachloride  and  sUndard  bromine  Mded,  uatii  at  the  end  of  15  minutes 
there  is  a,  permaneDt  red  colour.  If  the  oolorimetrio  method  is  used  60  cc.  of 
tetrachloride  are  tinted  with  standard  bromine  to  correspond.  If  the  iodine 
re-action,  the  solution  of  bromlnated  material  is  added  to  potassium  iodide  and 
starch,  and  "/lo  sodium  thiosulpbate  delivered  in  from  a  burette  till  the  colour 
is  dischsi^.  It,  on  the  other  hand,  the  standard  naphthol  solution  is  nsed,  it  is 
also  cautiously  added  from  a  burette  until  the  oolour  is  removed.  It  Is 
imperative  that  the  operations  in  all  cues  be  carried  on  out  of  direct  sunlight. 
If  the  operator  is  unable  to  use  carbon  tetrachloride,  the  diaulphide  may  be  used  ; 
but  the  solution  of  bromine  in  this  medium  is  less  stebte,  and  must  be  checked 
more  frequently.  Somewhat  larjter  portions  of  oil  or  Eat  may  however  be  used 
for  the  analysis. 

The  following  table  gives  some  few  of  the  results  obtained  by 
Mills  and  Snodgrass. 

Absorption  per  oent. 


OILS. 

FATS.                                    WAXBS. 

Almond  (from 

Beef          -        -  86-01 

Beeswax    - 

0-00  t 

bitter    fruit)  26-27  1  Butter  (fresh)    -  27-93 

Carnauha  - 

33-60  j 

Do.  (from  sweet)  63-74 

Japan  (1)  - 

2-83  1 

Cod  -         .         -  83'00 

Butlerine  Scotch  36-82 

Do.      (2)  - 

1-68 

Nut  -        -        -  30-24 

Do.  (Prencli)      -  39-71 

Mvrtle      - 

6-84 

Ling  Liver        -  82-44 

Cocoanut  -        -    5-70  i 

Mustard    -        -  46-15 

Vaseline    -       -    5-55  , 

Keatefoot  -        -  38-33 

Stearic  Acid       •    O'OO 

Olive         -        -  60-61 

Laid          -        -  37-29 

Palm         -        -  35-00 

Seal  -       -       -  57-34 

Whale      -       -  30-92 

Linseed     -        -  76-09 

Mineral  Oil       -  30-31 

[ 

Shale  Oil          1 

according  to  [22  to  12 

sp.  gr.            J              ' 
AnUine     -       -  169-8  ■ 

! 

Turpentine  (dry)  236-0                                              1 

! 

This  method  has  now  been  practically  superseded  by  the  Kubl 
iodine  method.  A  process  for  determining  "  the  bromine  addition  " 
and  "the  bromine  substitution "  lias  been  recordeil  by  Mcllhiney 
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{J.  C.  S.  I.  1894,  668).     A  further  oommimieatiou  on  the  same 
subject  is  j^-iven  hy  him  (J.  Am.  C.  S.  1899,  1084). 

The  Iodine  Value.— This  imiicates  the  i>en;eutage  ntworption  aa 
in  the  case  of  hroiiiine.  The  iiiethcxl  by  which  tJiis  process  is 
accomplished  was  originated  l»y  Huhl  {Diiujler'a  Polyt.  Joum.  1884, 
281),  aiul  lias  Iweii  largely  adopted  both  in  the  orif^inal  form  anil  also 
ill  a  very  acceptable  improvement  by  J.  A.  A.  Wijs. 

The  process  lias  1>ecn  examined  and  tiseil  by  such  a  number  of 
oitemtors  tliat  it  is  imixtssible  to  quote  tlieni,  but  tlie  unanimous 
opinion  is  that  it  ia  one  of  the  most  valuable  motlkods  for  the 
teclinical  examination  of  fetty  matters,  although  at  the  same  time 
there  haa  l>oeii  considerable  difference  of  opinion  as  to  the  chemical 
changes  which  c)ccitr  in  carrying  out  the  process.  One  of  the  draw- 
Imcks  to  the  original  solution  proposed  by  Huhl  is  Its  instability  of 
iodine  strengtli  against  tliimulphate  due  to  keeping,  thus  necessitating 
a  blank  titration  witli  every  fat  analysis.  This  does  not  affect  the 
reliability  of  the  method  when  the  proper  means  are  taken  to  carry  it 
ont,  such  as  ensuring  an  excess  of  inline  of  not  less  tlian  30  per  cent., 
and  working  the  jirocess  exactly  under  the  same  conditions.  Aa  to 
the  duration  of  time  in  wliich  the  iodine  should  I)e  allowed  to  act  on 
any  given  fat,  it  is  now  generally  accepted  that  tlie  action  should 
continue  from  4  to  6  hours,  and  not  much  more.  The  original 
solutions  as  designed  by  Hnbl  are  as  follows  : — 

Standard  iotline  solution.— This  is  made  by  dissolving  respectively 
5  gni.  of  iodine  and  6  gm,  of  mercuric  chloride,  each  as  pure  aa 
possible,  in  sei>arate  jwrtious  of  95°/^  alcohol,  of  100  c.c.  each,  then 
mixing  the  two  liquids,  and  allowing  to  stand  for  12  to  24  hours 
before  taking  the  standard  with  thiosulphato  and  starch.  This 
solution  must  always  he  standardized  before  use,  and  it  is  advisable 
not  to  mix  a  large  quantity  unless  it  can  be  consumed  at  once. 

Standard  sodium  thiosulpliatc,  as  on  page  133.  Its  absolute 
strength  as  r^anla  pure  iodine  must  be  known. 

Chloroform. — This  should  be  pure  and  sJiould  stand  the  test  of 
mixing  it  with  a  like  measured  volume  of  the  iodine  solution,  then 
titrating  with  standard  thiosulphate  ;  the  results  should  be  the  same 
as  witli  the  inline  alone. 

Potassium  iodide  solution  of  10  per  cent.  str<;ngth  in  distilled 
water,  starch  indicator.     This  should  be  freshly  niaile  and  clear. 

Method  of  Pbocedubb  :  From  O'lS  to  02  gin.  of  a  drying  or  flsh  oil, 
03  to  O'B  gm.  of  non-drying  oil,  or  07  to  1  gm,  of  solid  f»t  is  diesolved  in  10  co. 
or  chloroform  in  s  well -stoppered  wide-moiithed  t>ott1e,  tnd  ZS  to  50  co.  of  the 
iodine  sohition  added,  according  to  the  weight  of  fat.  After  not  less  than  four 
houm'  digestion  Ihe  niixtore  should  possess  a  dark  brown  tint  ;  under  any 
pircumstauces  it  is  necessary  to  have  a  ooniudenble  excess  of  iodiue  (at  te«tt 
double  the  anidunt  absorbed  ought  to  be  present),  and  the  digestion  should  be 
from  four  to  six  hours.  At  the  end  of  tliat  time  t)ie  liijuid  is  tntusferred  t«  a 
beaker,  the  bottle  rin^  out  with  some  solution  of  potassium  iodide,  the  rinsings 
added  to  the  beaker,  then  15  or  20  c.c,  more  of  the  iodide  solution  added  until  all 
free  iodine  is  dissolved,  tlie  whole  is  then  diluted  with  300  to  500  c.c.  of  water. 
Slid  Ihiosulpbnte  delivered  in  with  constnnt  stirring  till  the  colour  is  nearly 
<liscbarged.     Starch  is  then  added,  and  the  tilntion  tinisbed  in  llie  usual  way. 


.oo^^ie 


OILS,    FATS,   AND    WAXES. 


The  numbers  obtained  by  Hiibl  for  various  oils  and  fats  arc  given 
in  J.  S.  C.  I.  iii.  642. 

A  blank  experiment  should  in  every  case  be  made  side  by  side  with 
the  sample,  using  the  same  proportions  of  chloroform  and  iodine 
solution. 

Tlie  valuable  improvement  made  by  Wija  proiluccs  an  iodine 
solution  which  holds  its  standard  strength  for  a  very  much  longer 
period  than  the  original  Uubl  solution,  and  also  acts  much  more 
rapidly ;  it  is  described  in  Berkhte,  1898,  750,  and  no  doubt  will  \m 
generaUy  adopted.  The  same  eventual  results  are  obtained  as  occurs 
in  the  original  Hubl  process  when  the  latter  is  carefully  performed. 

The  method  pro]K)sed  hy  Wijs  is  the  use  of  a  solution  of  iodine 
monocliloride  in  strong  acetic  acid,  in  place  of  the  mixture  of  iodine 
and  mercuric  chloride.  The  original  acid  use<I  was  of  95  jver  cent, 
strength,  but  since  then  a  niucli  better  solution  is  found  by  using  nut 
leas  than  99  per  cent.  acid. 

WiJH  admits  a  decrease  of  about  0'3  per  cent,  in  96  hours  when 
using  very  pure  95  per  cent,  acid,  but  Lewkowitsch  found  it 
amounted  to  4  [>er  cent,  in  64  hours.  This  Wijs  attributed  to  the 
use  of  a  leas  pure  acid  than  was  used  by  himself,  However,  the 
eubstitution  of  the  stronger  acid  seems  to  settle  tlie  difficulty 
completely.  Lewkowitsch  states  tliat  he  has  found  with  99  per 
cent  acid  the  same  strength  remains  for  two  mouths ;  other  operators 
have  not  found  it  quite  so  permanent  as  this,  hut  all  agree  tliat  it 
does  not  alter  so  as  to  cause  inconvenience.  So  far  as  the  weakening 
of  the  acetic  acid  iodine  solution  is  concerned,  A.  Marshall  is  of 
opinion  that  it  must  largely  depend  u[H>n  the  amount  of  chloracetic 
acid  formed  in  preparing  the  solution  {J.  S.  C.  I.  1900,  213V  Wijs 
himself  b  of  opinion  that  if  the  acid  is  pure,  and  esi>ecially  free 
from  oxidizable  matters,  there  should  he  theoretically  no  possibility 
of  any  decrease. 

The  preparation  of  Wijs'  acetic  iodine  solution,  technically  called 
the  I  Cl-acetie  acid,  is  carried  out  as  follows :  13  gm.  of  pure  iodine 
are  dissolved  in  a  liter  of  99  per  cent,  acetic  acid ;  the  strength  is 
then  determined  by  standard  thiostUphate,  tlien  chlorine  gas  free 
from  HCl  is  passed  into  it  until  the  titer  is  doubled.  With  a  little 
practice  the  proper  ending  of  the  chlorination  is  ascertained  by  tlie 
change  of  colour  from  dark  brown  to  light  yellow.  If  the  gas  is 
passed  in  until  this  just  occurs  the  first  titration  may  be  disi^used 
with.  The  process  of  titrating  the  fat  is  carrie<l  out  precisely  as 
above  described,  with  the  exception  that  the  time  required  for  the 
absorption  is  very  greatly  curtailed.  When  small  qviantities  of  fat  are 
used  which  are  of  low  iodine  value  the  action  is  complete  in  less  than 
five  minutes,  and  with  higher  values  not  more  than  ten  minutes.  As 
r^ards  the  chemical  action  which  occurs  in  the  iodine  process, 
opinions  differ.  The  general  idea  has  been  tliat  iodine  chloride  is  the 
principal  agent,  and  from  experiments  corned  out  hy  A.  Marshall 
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(J.  S.  €.  I.  1900,  213)  it  seems  clear  titat  iodine  absorption  ia  simply 

the  addition  of  iodine  clUoride  directly  to  the  double  linking  of  tho 
unsaturati'd  acid,  anil  tliat  no  other  reaction  takes  |>lace  to  any 
appreciable  e:ttent.  Wijs  has,  however,  come  to  the  conclusion  that 
hvpoiodous  acid  must  be  regarded  as  the  principal  agent  {Zeit.  angew. 
Chem.  1898,  291). 

There  is  a  general  agreement  that  the  true  chemical  reaction  which 
takes  place  when  the  iodine  solution  acts  upon  a  fat  is  still  unknown ; 
but  OS  to  this,  Lcwkowitsch  remarks,  that  from  a  practical  point  of 
view  it  is  unimportant  whether  only  iodine  or  chlorine  enter  into 
union  with  the  fats,  or  if  Iwth,  in  what  proportions,  since  the  amount 
of  halogen  altsorbed  is  e^^timated  volu metrically,  and  calculated  in 
terms  of  iodine. 

^ilten  states  that,  in  both  the  bromine  and  iodine  methods  of 
titration,  the  amount  of  halc^u  taken  up  may  be  considered  as 
a  measure  of  the  unsaturated  fatty  acids  (or  their  glycerides)  present. 
Thus,  the  acids  of  the  acetic  or.  stearic  series  exhibit  no  tendency  to 
combine  with  bromine  or  iodine  un<ler  the  conditions  of  the  experi- 
ments, while  the  acids  of  the  acrylic  or  oleic  series  assimilate  two, 
and  the  acids  of  the  Jinoleic  series  four  atoms  of  the  halogen. 

R.  T.  Thompson  and  H.  Ballantyne  {J.  S.  C.  I.  ix.  688)  have 
furnished  a  very  careful  revision  of  the  constants  required  in  the 
analysis  of  Oils  and  Fats,  tho  resutte  of  whicli  are  given  in  the 
following  table."  The  lards  operated  upon  were  rendered  by  them- 
selves and  are  therefore  genuine.  The  fact  is  brought  out  that  for 
each  01  increase  in  si>ecific  gravity,  there  is  an  increase  of  r3  per 
cent,  of  iodine  al)soq)tion,  and  beef  fat  seems  to  follow  the  same  rule. 
Cotton  seeil  oil  sliows  only  about  half  tliat  projiortion. 

In  using  tho  iodine  absorption  method  these  ojwtators  fouud  that 
some  oils  required  fully  eight  lioitrs  for  complet*  absorption,  and  they 
recommend,  as  a  rule,  to  start  the  digestion  in  the  evening  and  titrate 
the  solutions  on  the  following  morning.  Both  Lewkowitsch  and 
Wijs,  however,  agree  that  too  long  a  period  should  not  l)e  allowed  for 
ab8or])ti'm ;  and  it  would  be  well,  in  iny  opinion,  that  operators 
should  agree  as  to  tho  details  to  l>n  adopted  in  carrying  out  the 
method. 

•SmMtheflgurealn  the  foUoirinE  tables  were  pnbliahed,  the  uthonliaTenTiHd  tliam 
bj  turtlier  eipariinaut*  [J.  S.  C.  I.  i.  233),  njid  compareJ  them  with  results  obtoined  bj 
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Table  of  GonBtEiDtB  ia  the  Analyais  of  Oils. 


NUureolOUOTFrnt. 

atU-S°C. 

&^i. 

lodlM 

AbKvpbi. 

»££. 

Free  Add. 

pn-CMit 

pnwt. 

peraSDt. 

Olire  (Gioja) 

916-6 

79-0' 

19-07 

9-42 

OlivB  (Gioj.)   after  le- 

moTalof  free  add    ... 

915-2 

790 

1907 

None. 

Olive      

914-8 

83-2 

18-98 

3-88 

Olive      

9U-7 

80-0 

28-78 

Olive      

916-8 

88-1 

lS-00 

5-lfi 

Olive       

916-0 

81-6 

1988 

Olive  (for  djMne) 

916-4 

78-9 

1900 

9-67 

Olive       

914'6 

86-4 

18-90 

11-28 

OUve  (tor  cooking)      ... 

915-1 

83-1 

19-ao 

4-16 

Olive  (tor  cooking)       ... 

916-! 

81-2 

1921 

Not  done 

869-8 

621 

Lard  (from  leg)     

860-6 

61-3 

Urd  (from  ribs)   

860-6 

62-6 

Beef  fat  (from  suet)    ,-, 

857-2 

340 

868-2 

462 

8&8-5 

45-1 

19-70 

Pat  from  bone  of  oi    ... 

859-2 

47-0 

19-77 

Cottonseed    ...     

9«3-6 

868-4 

110-1 

Cotton  wed    

922-S 

106-8 

19-86 

027 

lonseed  (ftiltic}    

Linseed  (East  lodia)    ... 

984-6 

187-7 

19-28 

931-5 

178-8 

1928 

Linseed  (River  Plate)  ... 

932-6 

176-5 

19-07 

Linseed 

988-5 

173-6 

19-00 

0-76 

Linseed  

931-2 

168-0 

19-00 

B*pe      

916-8 

105-6 

1763 

2-4« 

lUpe      

913-1 

100-7 

17-83 

Rape      

914-5 

104-1 

1708 

2-53 

Ra^       

916-0 

104-5 

17-19 

3-10 

Rape       

■  iV  ■■■ 

914-1 
967-9 
966-8 

- 

100-6 

17-89 

Castor  (commeroial)      ... 

„ 

_ 

17-86 

_ 

Castor  (medicinal) 

968-7 

1771 

Anohis  (oommensial)   ... 

920-9 

98-7 

1921 

6-20 

Arochis  JFrenoh  refined) 

917-1 

98-4 

18-93 

0-62 

Lard  oil  (prime)    

9170 

76-2 

- 

880-8 

81-8 

13-26 

Arotio  mrm  (bottie-nose) 
Whale  (crude  Norwegian 

879-9 

82-1 

13-04 

gso-s 

109-2 

Whale  (pale) 

919^8 

uo-i 

3eal  (Nonragian) 

925-8 

162-1 

Seal  (cold  dravrn,  pale)... 

926-1 

146-8 

19-28 

Seal  (steamed,  pale)      ... 

924-4 

1432 

16-93 

Seal  (tinged) 

SeaiiboiTed) 

925-7 

162-4 

928-7 

142-6 

Menhaden      

931'1 

160-0 

18-93 

924-9 

1600 

Scotch  cod      

925'0 

1587 

Cod  Uver  (medicinal)   ... 

026-6 

1G6'G 

18  51 

0-86 

Mineral ... 

878-6 

12-8 

Minenl 

886-0 

261 

Rosin      

986-0 

r 

67-9 

" 

~ 

.;,v_i00^le 
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An  agreement  was  made  between  the  principal  Government  Chemist 
and  a  Committee  of  the  Public  Analyfits'  Society  with  respect  to  the 
following,  in  order  that  there  might  not  he  diiferences  in  analyaea  of 
mazarine  or  buttei'. 

The  Beichert-Wollny  method  for  detenmnation  of 
volatile  fatty  acids  in  Margarine  and  Butter.— Five  gm.  of  the 
liquid  fat  are  introduced  into  a  300  c.c.  flask,  of  the  form  seen  in  the 
figure  (length  of  neck  7  to  8  centimeters,  width  of  neck  2  centimeters). 
Two  CO.  of  a  solution  of  caustic  sotla  (98  per  cent.)  in  an  equal  weight 
of  water — preserve*!  from  the  action  of  atmospheric  carbonic  acid— 
and  10  c.c.  of  alcohol  (about  92  per  cent.)  are  added,  and  the  mixture 
is  heated  under  a  reflux  condenser,  connected  with  the  flask  by 
a  T-picce,  for  fifteen  minutes  in  a  bath  containing  boiling  wat«r. 
Tlie  alcohol  is  distilled  off  by  heating  the  flask  on  the  water-bath  for 
about  half  an  hour,  or  until  the  soap  is  dry.  One  hundred  c.c.  of  hot 
water,  which  have  been  kept  boiling  for  at  least  ten  minutes,  are 
added,  and  the  Hask  heated  until  the  soap  is  dissolved.  Forty  c.c.  of 
normal  sulphuric  acid  and  three  or  four  fragment;?  of  pumice  or 
broken  pipe-stems  are  added,  and  the  flask  is  at  once  connected  with 
a  condenser  by  means  of  a  glass  tube  7  millimeters  .wide  and  15  centi- 
meters from  the  top  of  the  cork  to  the  hend.  At  a  distance  of 
5  centimeters  alx)\'e  tlie  cork  is  a  bulb  5  centimeters  in  diameter. 
The  flask  is  supported  on  a  circular  piece  of  asbestos  12  centimeters 


in  diameter,  having  a  liole  in  the  centre  5  centimeters  in  diameter, 
and  is  flrst  heated  by  a  very  small  flame,  to  fuse  the  insoluble  fatty 
acids,  but  tlie  heat  must  not  lie  sufiicient  to  cause  the  liquid  to  boil. 
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The  heat  is  increased,  tnd  when  fusion  is  complete  110  c.c.  are 
distilled  off  into  a  graduated  flask,  the  distillation  lasting  about  thirty 
minutes  (say  from  twenty-eight  to  thirty-two  minutes),  the  distillate 
is  shaken,  100  c.c.  filtered  off,  tranaferted  to  a  heaker,  0-5  c.c.  of 
phenolphthalein  solution  (1  gm.  in  100  c.c.  alcohol)  added,  and  the 
filtrate  titrated  with  decinormal  soda  or  baryta  solution.  Precisely 
the  same  procedure  (with  the  same  reagents),  omitting  the  fat,  should 
be  followed,  and  the  amount  of  decinormal  alkali  required  to  neutralize 
the  distillate  ascertained.  This  should  not  exceed  0'3  c.c.  Tlie 
volume  of  decinormal  solution  of  alkali  used,  less  the  figure  obtained 
by  blank  experiment,  is  multiplied  by  I'l.  The  nuralwr  so  obtained 
is  the  "Eeichert-Wollny  Number." 

Method  of  PBOCBsrRB  :  The  sample  is  melted  and  filtered  from  curd  and 
water  through  a  dry  filter.  From  the  filtrate  the  6  gm.  ot  fat  for  tbe 
pn>cet»  are  tuen.  The  soda  solution  is  filtered  clear  from  carbonate  formed  in 
its  piepantJOQ,  and  kept  in  a  special  bottle.  The  Soxhlet  spherical  condenser  is 
a  oonvenient  one  for  the  refiux  distillation.  Tbi»  is  fixed  near  the  nater-batb  in 
which  the  mponifi^Sition  is  te  t&ke  place,  and  is  connected  with  the  flask  by 
means  of  a  T-piece  and  indianibber  tubes  inclined  at  an  angle  of  45°.  During 
the  sapotiifi<»tion  the  free  limb  of  the  T-piece  is  directed  upwards,  and  its  end 
dofed  by  a  short  piece  of  indianibber  and  glass  rod.  At  the  end  of  fifteen 
minutes  thb  limb  is  turned  doirnward,  and  the  piece  of  glass  rod  replaced  by  a 
tube  carrying  away  the  alcohol. 

One  hundred  co.  of  hot  distilled  water  arc  added,  and  the  flask  frequently 
shaken  until  the  eoap  is  dissolved.  The  L  i  eb  i  g  is  a  conrenieut  form  of  ooadeoser. 
One  containing  a  column  of  water  30  to  35  centimeters  in  length  gives  sufficient 
condensing  surface.  After  shakingthe  distillate,  about  6  c.c.  are  filtered  throu^ 
a  dry  paper  into  a  100  c.c.  fiask.  This  serves  te  nasb  out  the  fiask.  Wben  the 
100  c.c.  are  transferred  to  a  beaker,  the  flask  is  not  washed  out,  but  the  main 

rmtity  is  neutraliied  with  tbe  standard  solution  of  alkali  and  returned  to  the 
k,  tHen  i^in  transferred  to  the  beaker  and  the  titration  completed,  j 

PHEITOLS  AND  CBE80LS. 
Phenol  CjH30H  =  94. 

§  93.  The  chief  method  claiming  accuracy  for  tlie  estimation 
of  phenols  volumetrically  was  originated  by  Koppeachaar  {Z.  a.  C. 
zvi.  233),  and  consists  in  precipitating  the  phenol  from  its  aqueous 
or  dilute  alcoholic  solution  with  bromine  water  in  the  form  of 
tribromphenoL 

Thestrengthof  the  bromine  water  was  established  by  Koppeschaar, 
by  titration  with  thioaulphate  and  potassium  iodide  with  starch. 

Allen  modities  the  method  as  follows : — 

Mbthod  op  Pboceoitbe  :  A  certain  weight  of  tbe  sample  is  dissolved  in 
water,  as  much  as  correepouds  to  01  gtn.  of  phenol  is  taken  out  and  put  into  a 
stoppered  bottle  holding  250  cc.  Further,  to  7  Co.  of  normal  soda  solution 
(—004  gm.  NsOH  per  c.c.)  bromine  is  gradually  added  till  a  i-ellow  colour 
appears  and  remains;  tbe  liquid  is  then  boiled  till  it  has  become  cofourlessagain. 
It  now  oantains  6  molecules  of  sodium  bromide  and  1  of  sodium  bromate. 
When  completely  cooled,  it  is  put  into  tbe  phenol  solution,  after  which  G  o.o. 
oonoentrated  hydrochloric  acid  are  at  once  added,  and  the  bottle  stoppered  and 
shaken  tor  some  time.     The  motions  are : — 
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The  bromine  set  fnw  in  the  Brat,  and  not  Bied  by  phenol  in  the  Mooud 
reactioD  must  be  still   free,  and  is  estimated  by  adding  potaMium  iodide  and 
titratiog  the  iodine  liberated  by  "/lo  thiosulphale  :— 
in.     2Kr  +  Br,=-2KBr  +  2l. 
IV.     Ij  +  2Na^03  =  Na^,O,  +  2NaI. 

For  this  purpose  the  bottle  is  allowed  to  stand  tor  16  or  20  minutes;  a 
solution  of  about  1*25  gm.  potassium  iodide  (free  [rom  iodate)  is  added,  the  bottle 
is  stoppered,  shaken  up,  and  allowed  to  rest.  Its  contents  are  now  poured  into  a 
beaker^  the  bottle  is  rinped  out,  a  tittle  starch  solution  is  added,  and  thiosulphate 
in  run  in  from  a  burette  till  the  blue  colour  is  gone.  (It  tvill  be  best  not  to  add 
the  iitArch  till  the  colour  of  the  liquid  has  diminished  t«  light  yellow.)  The 
calculation  is  made  as  follows  : — 7  c.c.  of  normal  soda  solution  neutralize  0'5S  gm. 
of  bromine,  all  of  which  ia  liberated  by  HCi.  O'l  gm.  phenol  would  require 
0'4068  and  leave  a  surplus  of  01532  gm.  ;  the  latter  would  tiberalo  enough 
iodine  to  saturate  19'5  c.o.  of  ^lio  thiosulphate.  Every  c.o.  of  tbiosulpbste  used 
over  and  above  this  indicates  0*00197  gm.  impurities  in  01  gm.  of  the  mmple — 
that  ia,  1*27  per  cent. 

If  a  iiumbuT  of  eGtlmatioiis  have  to  be  made  at  one  time,  it  would 
seem  decidedly  preferable  to  adopt  Koppeaehaar'a  original  method, 
rather  tliaii  to  prepare  special  bromine  solution  as  above.  For  the 
estimation  of  plienol  in  raw  produtts,  Tiitii  (Z.  a.  C.  xxv.  160) 
modifies  tlie  bromine  raethoii  as  folloiva : — 

Method  of  Pbocbduhe  :  20  ex.  of  the  impure  carbolic  acid  are  placed  in  a 
beaker  with  20  c.c.  of  caustic  potash  solution  of  1*3  sp.  gr.,  well  shaken  and 
allowed  to  stand  for  half  an  hour,  then  diluted  to  about  1  liter  with  water.  By 
this  treatment  the  Foreign  Impuritit.'s  are  set  free,  and  may  mostly  be  removed 
by  filtration ;  the  filter  is  washed  with  warm  water,  until  all  alkali  is 
removed.  The  filtrate  and  washings  are  acidulated  slightly  with  HCI,  and 
diluted  to  3  liters.  50  c.c.  are  then  mixed  with  150  c.c.  of  standard  bromine 
solution  and  then  5  c-c.  of  concentrated  HCI.  Afl«r  twenty  minutes,  with 
frequent  shaking,  10  c.c.  of  iodide  solution  arc  added,  mixed,  and  allowed  to  rest 
three  to  five  miimtos,  then  starch,  and  the  titration  with  thiosulphate  carried  out 

EsiMpLE.— 20  c.c,  raw  carbolic  oil  were  treated  as  above  described.  50  c.c.  of 
the  solution,  with  150  c.c.  bromine  solution  (made  by  dissolving  2'04  gm.  sodium 
bromate  and  6*939  gm.  sodium  bromide  to  the  liter),  then  5  c.c.  of  HCI,  required 
17*8  c.c.  of  thiosulphate  for  titration.  The  150  c.c  bromide  =0*237  gm.  Br. 
The  17*8  c.c.  thioaulphate  required  for  residual  titration  =0052  gm.  Br  leaving 
0'185  gm.  Itr  for  combination  with  the  phenol.    According  to  the  equation — 

CUjOH  +  3Brj-3HBr  +  C,H,OHBr^ 
One  mol.  phenol  =  3  mol.  Br,  hence  the  perceulai^  of  phenol  was'lO'SS. 

Kleiuert  (Z.  a.  G.  x."{xiii.  1)  suggests,  and  his  experiments  appear 
to  prove,  that  in  titrating  acid  creosote  oil  by  Koppeschaar'a  method 
for  phenol,  a  serious  error  occurs  in  virtue  of  such  oil  containing 
Bubstaiicca  of  higher  hoilingiwint  than  phenol,  which  are  soluble  in 
water,  and  behave  with  bromine  in  the  same  manner  as  true  phenol. 

Meissinger  and  Vortmaiin  (Phann.  Zeii.  /.  liusslartd  xxix. 
7S9)  describe  a  methoil  of  estimating  phenol  baaed  on  the  fact,  that 
iodine  combines  with  phenol  in  alkaline  solution  in  the  proportion  of 
6  atoms  I  to  1  mol.  phenol. 
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10  c.c  ot  this  »re  placed  in  a.  flask,  warmed  to  60°  C,  and  "/lo  iodine  ndded 
until  the  rolution  is  faintly  yellow,  with  formation  of  a  red  precipitate.  When 
cold,  the  solution  is  acidiS^  with  dilute  H,SOt,  made  up  to  600  c.c.  and  filtered. 
In  100  C.C.  of  the  filtrate,  the  eicess  of  1  is  titrated  with  "/lo  thiosulphate ;  this 
amount,  deducted  from  the  total  I  used,  gives  the  amount  absorbed  by  phenol, 
which,  when  multiplied  by  0'123G18,  gives  amount  of  phenol  in  the  sample. 

A  new  method  for  the  examination  of  commercial  phenols  has  been 
■described  by  S.  B.  Schryver  (J.  S.  C.  1.  1899,  553),  and  is  baaetl  on 
tlie  interaction  of  sodamide  and  bodies  containing  a  hydroxy!  group, 
which  takes  place  according  to  the  typical  reaction  : 

XaNHj  +  CgHjOH  =  NaOCgH^  +  SHg. 

McTHOD  OF  pROCBnuBB  :  A  200  C.C.  wide-necked  flask  is  fitted  with  a 
separating  funnel,  the  tube  oF  which  passes  to  the  bottom,  and  an  inverted 
condenser  connected  at  its  upper  end  with  an  absorbing  Teasel,  and  thence  with 
an  aspirator.  About  1  gm.  of  sodamide  ia  flnely  ground,  washed  two  or  three 
times  with  benzene  by  deouitstion,  then  introduixd  into  the  flask,  and  60  or 
00  0.0.  of  benzene  {free  from  thiophen)  added.  The  mixture  is  heated  on  a 
water-bath  in  a  current  of  dry  air  freed  from  CO,  for  some  ten  minutes  till  the 
last  traces  of  ammonia  are  eipelled.  About  20  c.c.  of  normal  aulphuric  acid  are 
next  placed  in  the  receiver,  and  the  phenol,  dissolved  in  six  times  its  weight  of 
beniene,  is  brought  into  the  funnel  and  allowed  to  drop  into  the  flask.  The 
funnel  ia  rinsed  with  more  benzene,  and  the  current  of  air  is  maintained  through 
the  boiling  liquid  for  75  minutes.  The  excess  of  sulphuric  acid  in  finally 
titrated  with  normal  twdium  oirbonate  and  methyl  orange.  With  phenol,  cresol, 
and  guaiacol  (alone),  the  process  gives  correct  results,  provided  (t)  the  apparatus 
and  phenol  are  perfectly  dry  (sodamide  acts  upon  water),  (2)  sufficient  benzene 
is  employed  to  hold  the  sodium  salt  in  solution,  (3)  the  benzene  is  free  from 
thiophen,  and  (4)  air  is  aspirated  for  a  sufficient  length  of  time.  Toluene  or 
xylene  may  replace  the  benzene,  but  in  that  case  a  sand-bath  must  be  used 
instead  of  the  water~bath. 

The  process  is  obviously  not  applicable  to  the  determination  of  the 
relative  proportions  of  more  than  two  plienoJs  ;  but  it  iiaa  been  tested 
on  mixtures  of  phenol  and  cresol,  on  wood-tar  guaiacol,  which  ia 
a  mixture  of  guaiacol  and  creosol,  on  thymol  in  oil  of  thyme, 
.  and  on  eugenol  in  oil  of  cloves.  Calling  tJie  number  of  cc  of 
standanl  acid  that  are  necessary  to  neutralize  the  ammonia  given 
off  when  1  gm.  of  a  phenol  (either  simple  substance  or  mixture) 
is  treated  with  an  excess  of  sodamide  under  the  experimental  con- 
■ditions  the  "  hydroxyl  value  " — which  in  the  case  of  pure  phenol  is 

Yq^  =  )  10'63,  and  in  that  of  pure  cresol  is  li"n.o  =  /  9"26,  etc. — 
a  table  may  be  prepared  for  converting  the  hydroxyl  value  obtained 
when  a  mixture  of  two  known  phenols  is  operated  upon  directly  into 
the  relative  proportion  between  the  two  ingredients,  and  the  results 
•mlculated  in  this  manner  from  the  analysis  of  materials  of  the  above- 
mentioned  composition  appear  to  be  fairly  satisfactory. 

Tlie  method  ia  equally  available  for  determining  the  amoiuit  of 
water  in  any  particular  phenol,  because  the  reaction  between  sodamide 
and  water  is  analogous  to  that  between  the  amide  and  a  phenol. 
Fused  sodium  acetate  is  tlie  best  substance  to  remove  the  last  traces 
of  moisture  from  ordinary  phenol,  and  the  estimation  of  moisture 
can  be  ascertained  by  two  experiments,  one  before  and  one  after 
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dryiiig^tlie  itifierence  in  aiumouia  reiweseiita  the  moisture.  The 
procesft  has  an  adi'antage  over  niethoil»<  involving  the  use  of  bromine 
or  iodine,  as  tlia  results  are  not  afFect«d  by  the  presence  of  hydro- 
carbons, for  which  reason  it  should  be  useful  for  estimating  phenols 
in  a  large  number  of  essential  oils,  etc.  Sodamide  acts  upon  ketones, 
amines,  etc.  (Titherley,  J.  C.  S.  Tram^.  1897,  460),  but  these  bodies 
can  be  readily  removed  I)y  various  suitable  reagents. 

A  pajker  on  the  reactions  of  lirominc  with  phenol  and  the  cresols, 
B  process  for  calculating  the  composition  of  mixtures  thereof,  is 
produced  by  Hitz  and  Cedivoda  {Zeth.  angeic.  Chem.  1899,  873 
and  897). 

It  either  o-  or  i>.cre«o1,  in  Hlkaline  RolutioD,  iii  mixed  with  a  known  excess  of 
bromine  disRolvM  in  eodium  hydroxide,  and  tlie  liquid  is  icidified  with  dilute 
UCl  (1  ;  1),  snd  agitated  tor  one  minute,  on  adding  KI  and  titnting  with 
thioeulpliate.  2  atoms  of  bromine  will  be  found  to  have  been  taken  up  by  each 
molecule  of  the  aromatic  compound.  If  eilL^r  phenol  or  m-cresol  is  treated 
Rimilarl.r.  S  aloms  of  halogen  are  abwrbed.  On  the  other  hand,  il  either  o-  or 
j>-ore«ol  in  prenence  of  the  bromine  and  sodium  livdroiide  ie  allowed  to  stand  for 
ten  minutes  after  acidification  with  strong  sulphuric  acid,  then  shaken  for  five 
minutes,  and  the  inralubla  matter  removed  by  filtration,  on  adding  potusium 
iodide  to  tlie  filtrate  and  titrating  with  tbioeulphate,  8  atoms  ot  bromine  vriU  be 
found  to  have  combined  with  each  molecule  ot  the  phenol  body.  If  either 
phenol  or  «i-cre«ol  is  treated  in  the  latter  manner,  4  atoms  of  bromine  are 
absorbed. 

The  authors  state  tliat  depending  on  these  reactions,  it  is  possible,  by  suitable 
calculation,  to  separate  a  mixture  of  any  three  of  the  above-mentioned  phenols 
into  one  which  combines  with  the  (higher)  lower  proportion  of  halogen ;  and  into 
two  which  combine  with  the  higher  (l"wer)  proportion  ot  haloeen ;  the  result* 
being  quite  satisfactory.  And  it  'm  also  feasible,  though  wilh  less  accuracy,  to 
separate  a  mixture  containing  phenol  and  each  of  the  isomeric  cresols  into 
pbeuol,  m-cresol,  and  o-plusp-cresol.  For  the  former  purpose  only  one  process 
of  absorption  is  requisite ;  to  attain  the  latter,  both  must  be  carried  out.  When 
all  four  phenolic  bodiesare  present  simultaneously,  the  method  of  calculation  is  as 
follows :  a  is  the  total  weight  ot  mixed  phenols,  x  the  true  phenol,  y  the  o-plus 
p-Qlfaol,  E  the  nt-cresol,  i  the  bromine  taken  up  wben  hydrochloric  acid  is  use^ 
and  e  the  halogen  absorbed  after  treatment  with  strong  sulphuric  acid  and 
filtration. 

!r  +  S>*-^  =  ^ .-  (!)■ 

HLKx+ABr    ^„+_31?r   ,.,  =  4     .,,(2) 
94-00  108-08     ■*      10808  "^  ' 

i5!:«^  +  ^3B',„  +  A«'  x«=c     ...(3). 
9+06  108-08      '       108-08  ^  ' 

In  order  to  obtain  the  original  phenols  in  a  oondition  suitable  for  broroination, 
all  hydrocarbons,  tatty  acids,  and  water  must  be  removed.  The  authors  bring 
them  into  ethereal  solution,  dry  the  extract  with  calcium  chloride  or  sodium 
sulphate,  and  distil  off  the  solvent.  The  last  traces  of  ether  are  dHven  off  by 
heatinf;  the  mixture  two  or  three  times  in  a  fractionating  flask  to  almost  16°  C, 
and  then  driving  over  the  phenolic  bodies  themselves.  Care  must  be  taken  that 
the  excess  of  bromine  is  sufficient  in  all  cases ;  and  in  the  presence  ot  p-ereeol, 
when  brominating  with  hydrochloric  acid,  the  time  of  standing  must  not  be 
prolonged. 

B.  Clauscr,  in  noticing  the  above  statement,  mentions  that  similar 
results  have  been  obtained  by  him  in  the  investigation  of  o-cresol. 
As  Benedikt  lias  alread3'  shown,  in  contact  with 'a  large  excess  <^  bromine. 
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phenol  yields  bromoiytribromophenot,  which  is  fairly  residUnt  to  the  action  o( 
water,  sikalies,  and  adds,  but  gives  ordinary  tribromopheDol  on  treatment  with 
potmsinm  iodide,  according  to  the  reaction : 

C,HjBr,OBr  +  2KI  +  HjSO^-CjH^rjOH  +  HBr+ SjSO,  +  Ij. 

Clauser  has  therefore  examined  the  behaviour  of  the  analogous  bromoxy- 
compound  of  a-creeol  to  see  whether,  nnd  under  what  conditions,  it  is  attaolied 
by  potassium  iodide  to  regenerate  the  dibromo-«-cregol.  He  Gnds  that  the  creeol 
solutioD  which  ia  treat^  with  the  bromine  i<hould  have  a  concentration  of 
1  :  30,000  or  40,000 ;  tliat  too  large  aa  excise  of  bromine  should  be  avoided,  the 
beat  proportion  being  Q  atoma  of  bromine  to  1  molecule  of  the  cresol;  that 
directlj  the  liquid  becomes  yellow — which  occur?  in  about  five  minutes,  and  is 
due,  not  to  free  halogen,  but  to  the  formation  of  the  bromoxy-oom pound — the 
potastiium  iodide  should  be  added ;  and  that  the  liquid  should  stand  at  least  half 
an  hour  before  titration,  which  should  be  done  in  the  cold.  By  attending  to 
these  points,  o-oresol  can  be  determined  by  the  Koppeschaar  process  with  a 
Dtaximum  error  of  +  0'6  per  cent. ;  exactly  4  atoms  of  bromine  being  employed 
in  the  reaction  per  I  molecule  of  cresol.  Under  the  conditions  of  the  analysis 
there  is  no  danger  of  the  iodine  liberated  from  the  iodide  reacting  with  the 
aromatic  molecule. 

SAI.ZCTLIC  ACID. 

§  94.  Several  methods  have  lieeii  proposed  for  the  estimation  of 
thjs  Bubstanctt  as  existii^  in  the  form  of  salts  or  in  a  free  state,  and 
a  critical  examination  of  the  most  hopeful  of  these  has  been  carefully 
made  by  W.  Fresenius  and  L.  Grunhut  (Z.  a.  C.  1899,  292). 
The  experiments  were  made  on  pure  sodium  salicylate.  The  method 
proposed  by  Meiasinger  and  Vortraann  in  which  it  ia  said  by  the 
authors  that  1  mol.  of  salicylic  acid  consumes  6  atoms  of  iodine  was 
not  confirmed  in  these  experiments,  and  they  came  to  the  conclusion 
that  the  method  could  not  be  relied  on  even  to  give  approximately 
correct  results.  On  the  other  hand  their  experience  of  Freycr's 
bromine  method  was  that  it  gave  satisfactory  results. 

The  method  described  by  Freyer  (Ohem.  Zeits.  xx.  820)  is  based 
on  the  facts  ttiat,  on  mixing  a  solution  of  salicylic  acid  with  bromine 
water  in  excess,  a  yellowish- white  precipitate  is  formed. 

•^i^'XCOOH  ■*■  '^^^  =  C.HBr  ,OBr  +  4HBr  +  CO^ ; 

and  that,  on  adding  a  solution  of  potassium  iodide,  not  oidy  does  the 
excess  of  bromine  liberate  an  equivalent  amount  of  iodine,  but  the 
tribromphenol  bromide  also  reacts  as  in  the  equation  ; 

CeHjBr30Br+  2KI  =  CflH2Br,OK  +  KBr+  21. 
Hence,  in  calculating  the  results,  only  6  atoms  of  bromine  correspond 
to  one  of  salicylic  acid. 

Freyer  states  that  an  excess  of  about  100  per  cent,  of  bromine  is 
necessary,  but  the  authors  have  proved  that  an  excess  of  from  75  to 
80  per  cent,  is  sufficient.  They  have  tested  the  method  with  con- 
centrated bromine  solutions,  using  considerable  quantities  of  soilium 
salicylate,  and  have  obtainwl  as  satisfactory  results  as  Freyer  himself. 
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They  give  the  following  detaiia  of  their  method  of  working,  in  which, 
like  Freyer  and  Koppeschaar,  they  uaed  solutions  of  potassium 
bromate  and  bromide,  and  liberated  the  bromine  by  the  addition  of 
hydrochloric  acid. 

Method  of  Procedure  :  The  required  quantity  of  the  bromine  and  bromate 
BolutioD  is  diluted  with  300  c.c.  of  water,  and  deoompoied  with  80  o.c.  of  dilute 
HCl  (sp.  gr.  110).  Into  this  mixture  is  iutrodaoed  with  continual  gttrring  a 
solution  of  Hbout  1  per  cent,  in  strength  of  the  substance  under  examination.  A 
whits  precipitate  is  immediately  formed,  and,  after  this  has  heen  allowed  to 
stand  for  about  Ave  minutes  with  ooca«ona1  s^tation,  SO  to  40  o.c.  of  a  lOper 
cent,  solution  of  KI  are  introduced  and  tbe  separated  iodine  titrated  with  "/lo 
thiosulphale. 

In  the  most  successful  results  the  bromide  solution  contained  2'5  em.  of 
potaesium  bronule,  and  about  10  gm.  of  potassium  bromide  in  a  liter  of  water. 
£5  c.c.  of  this  solution  corresponded  with  25'49  c.c.  of  thiosulpbate  solution,  and 
1  o.c.  ot  the  btterjto  0*01097606  gm.  of  iodine  or  0-00199111  gm.  of  salicylic 

The  percentage  ot  salicylic  acid  thu3  found  in  the  same  sample  of 
pure  sodium  salicylate  varied  in  four  determinations  from  86'21  to 
86-43  ]>cr  cent.     The  theoretical  amount  is  86-23  per  cent. 

This  method  is  not  applicable  to  the  analysis  of  mixtures  of  starch 
and  sodium  salicylate  such  as  occurs  in  medicinal  tabloids.  In  such 
cases  the  substance  should  be  dissolved  in  90  per  cent,  alcohol,  the 
solution  brought  to  a  definite  volume,  filtered  from  the  undissolved 
starch,  and  an  aliquot  part  of  the  filtrate  used  for  the  analysis.  In  a 
mixture  of  90'91  per  cent,  of  sodium  salicylate  and  9-09  per  cent,  of 
starch,  the  authors  found  in  this  way  89'97  per  cent,  of  the  former. 

In  the  analysis  of  wines  which  contain  sulphurous  acid,  aldehyde, 
sulphurous  acid,  and  other  substances  which  act  upon  bromine,  the 
best  method  of  determining  sahcylic  acid,  when  present,  is  to  moke 
the  liquid  alkalme,  concentrate  it,  render  it  acid,  and  eittract  it  with  a 
mixture  of  ether  and  petroleum  spirit.  The  extract  thus  obtained  is 
shaken  with  alkaline  water,  which  removes  the  salicylic  acid,  and  this 
aqueous  solution  can  then  be  used  in  the  bromine  method. 

As  regards  the  colorimetric  method  of  estimating  salicylic  acid  by 
means  of  iron  chloride,  the  author  states  that  it  can  only  be  used 
when  the  amount  of  salicylic  acid  is  less  than  2  m.gm. 

UethTlio  saliorlate.— E.  Ktemers  and  H.  M.  James  (Chem. 
Cetitr,  1898,  1070)  have  slightly  modified  the  method  proposed  by 
Ewing,  and  boil  a  weighed  quantity  of  tlie  sulwtance  with  a  known 
volume  of  normal  alkali  for  5  minutes.  The  excess  of  alkali  is  then 
titrated  with  normal  acid,  and  the  alkali  consumed,  multiplied  by  0-1 52, 
represents  the  weight  in  grama  of  methylic  salicylate. 

The  method  proi«)setl  by  Meissinger  and  Vortmann  is  also 
recommended.  5  gm.  of  the  sample  are  saponified  with  excess  of 
alkali,  and  when  cold  diluted  to  500  c  c  ;  10  c  c  of  this  are  heate<i, 
50  c.c,  of  ^/iQ  iodine  aolution  added,  and  the  liquid  diluted  to  600  c.c. ; 
in  100  c.c.  of  tliis,  the  excess  of  lodme  is  estimated  by  means  of  ""/lo 
sodium  thiosulpbate.  1  c.c.  of  lodme  solution  absorbed,  when  multi- 
plied by  0'631825,  represents  the  amount  of  methylic  'tahcjlate,  as 
1  mol.  of  the  ethereal  salt  absorbs  7  mols  of  iodine 
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PART  YI. 

SPECIAL  APPLICATIONS  OF  THE  VOLUMETRIC 

SYSTEM    TO    THE    ANALYSIS    OF    URINE,    POTABLE 

WATERS,   SEWAGE,  ETC. 

AHALTBIS    OF    TJBIITE. 

§  95,  Thb  complete  and  accur&te  determination  of  the  normal  and 
abnormal  constituents  of  urine  presents  more  than  ordinary  difficulty 
to  aven  experienced  chemists,  and  is  a  hopeless  task  in  the  hands  of 
any  other  than  such.  Fortunately,  however,  the  most  important 
matters,  such  as  urea,  sugar,  phospliates,  sulphates,  and  cidorides,  can 
all  be  determined  volumetrieally  with  accuracy  by  ordinary  operators, 
or  by  medical  men  who  cannot  devote  much  time  to  practical  chemistry. 
The  researches  of  Liebig,  Neubauer,  Bence  Jones,  Vogel,  Beale, 
Hassall,  Pavy,  and  others  during  the  last  few  years,  have  resulted 
in  a  truer  knowledge  of  this  important  secretion  ;  and  to  the  two  first 
mentioned  chemiste  we  are  mainly  indebted  for  the  simplest  and  most 
accurate  method  of  estimating  its  constituents.  With  the  relation 
which  the  proportion  of  these  constituents  bear  to  healtli  or  disease 
the  present  treatise  has  nothing  to  do,  its  aim  being  simply  to  point 
out  the  readiest  and  most  useful  methods  of  determining  them 
quantitatively.  Their  pathological  importance  is  very  fully  treatet) 
by  some  of  the  authorities  just  mentioned,  among  the  works  of  which 
Neubauer  and  Vogel's  Analyee  dea  Samn,  Beale's  Urine,  Urmart/ 
Deposits,  ajid  Cdlcuii,  and  M^hu's  TraiU  de  Chimie  Medicale,  are 
most  prominent  and  exhaustive;  and  we  now  have  the  collected 
experience  of  all  the  best  authorities  in  the  world  in  The  PatJiological 
Handbook  of  Dra.  Lauder  Brunton,  Klein,  Foster,  and  Burdon 
Sanderson  (Churchill),  and  in  Allen's  Chemidry  of  Urine 
(ChurchiU). 

The  gram  system  of  weights  and  measures  will  be  adopted  through- 
out this  section,  while  those  who  desire  to  use  the  grain  system  will 
have  no  difficulty  in  working,  when  once  the  simple  relation  between 
them  is  understood*  (see  §  10  p.  35).  The  question  of  weights  and 
measures  is,  however,  of  very  little  consequence,  if  the  analyst 
considers  that  he  is  dealing  with  relative  parts  or  proportions  only ; 
and  as  urine  is  generally  described  as  containing  so  many  jiarts  of 
urea,  chlorides,  or  phosphates,  per  1000,  the  absolute  weight  may  he 
left  out  of  the  question.  The  grain  system  is  more  readily  calculated 
into  English  oimces  and  pints  """i  therefore  is  generally  more  familiar 
to  the  medical  profession  of  this  country 

One  thing,  however,  is  necessary  as  a  preliminary  to  the  exami< 
nation    of    urine,    and    which    has    not    generally   been   sufficiently 

*  In  a  word,  nbeoeiei  c.e.  ocfun,  dm.  mm;  be  Hobetituted ;  und  in  caae  oF  uaiufr  gnins 
lormmi,  moio  (ha  deciniBj  point  ons  pUee  to  Ibe  right'  thnB  70  jramB  would  be  cbuiged 
to^gminB.  Of  conneit  Liundentood  thtt  wheifi^T'BniBQretaJieDc.c.iDURt  bemeMHred. 
and  with  gninndm.,  theituidard  Bolntion  IwiiigtbeaBins  for  both  HjEtcmB. 
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considered;  that  ia  to  say,  the  relation  between  the  quantity  of 
secretion  passed  in  a  given  time,  and  the  amount  of  solid  matters 
found  in  it  by  analysis.  In  a  medical  point  of  view  it  is  a  mere  waste 
of  time,  generally  speaking,  to  estimate  the  constituents  in  half-a-pint 
or  so  of  urine  passed  at  any  particular  hour  of  the  day  or  night, 
without  ascertaining  the  relation  wliich  that  quantity,  ^vith  its 
i;onstituent8,  bears  to  the  whole  quantity  passed  during,  say,  24  hours; 
and  this  is  the  more  necessary,  as  tlie  amount  of  fluid  secreted  varies 
very  considerably  in  healthy  persons ;  besides  this,  the  analyst  should 
register  the  colour,  peculiarity  of  smell  (if  any),  consistence,  presence 
or  absence  of  a  dei>oait  (if  the  former,  it  should  be  collected  for 
separate  analysis,  tillered  urine  only  being  used  in  such  cases  for 
e?caminati<jii),  and  lastly  its  reaction  to  litmus  should  be  observed. 

1.    Speoiflo  Qravity. 

This  may  be  taken  by  measuring  10  c.c.  with  an  accurate  pipette 
into  a  tared  lieaker  or  flask.  The  observed  weight  say  is  10'265  gm.; 
therefore  1036-5  will  be  the  specific  gravity,  water  being  1000, 
Where  an  accurate  balance,  pipette,  or  weights  are  not  at  hand, 
a  good  urinomcter  may  be  used.  These  instruments  are  now  to  be 
liad  with  enclosed  thermometer  and  of  accurate  graduation. 

2.    EBtimatloii  of  Chlorides  (ooloulBted  as  Sodiiim  Chloride). 

This  may  be  done  in  various  ways.  Liebig's  method  is  by  far 
the  simplest,  but  the  end-i>oiiit  is  generally  so  obscure  tliat  the 
liability  to  error  ia  very  great,  and  therefore  tlie  details  of  the  process 
are  omitted.  Mohr's  method  is  modified  by  the  use  of  ammonium 
in  place  of  potassium  nitrate,  owing  to  the  solvent  efTect  which  the 
latter  has  l)een  found  to  produce  on  silver  chromatc.  By  ignition 
the  ammonia  salt  is  destroyed. 

(a)  By  Silver  NitrHte  and  Chromate  Zndioator  (Mohr). — 
10  c.c.  of  the  urine  are  measured  into  a  thin  porcelain  capsule,  and 
1  gm.  of  pure  ammonium  nitrate  in  powder  added ;  the  whole  is  then 
evaporated  to  dryness,  and  gradually  heated  over  a  small  spirit  lamp 
to  low  reitness  till  all  vapours  are  dissipated  and  the  residue  becomes 
ivhite* ;  it  is  then  dissolved  in  a  small  quantity  of  water,  and  the 
carbonates  produced  by  the  combustion  of  the  organic  matter 
neutralized  by  dilute  acetic  acid;  a  few  grains  of  pure  calcium 
carbonate  to  remove  all  free  acid  are  then  aJded,  an<l  one  or  two 
drops  of  solution  uf  [x>tassium  chromate. 

The  mixture  is  then  titrated  with  "/,o  silver,  as  in  §  41.2  (I/). 

Each  c.c.  of  silver  soiutioTi  represents  0'005845  gm.  of  salt^ 
consequently  if  12'5  c.c.  Iiave  been  used,  the  weight  of  salt  in  the 
10  c.c.  of  uruie  is  0"07296  gin.,  and  as  10  c.c.  only  were  taken,  the 
weight  multiplied  by  10,  or  what  amounts  to  the  same  thing,  the 

*  Dr.  EdrnundB  hu  coUeil  mj  stUntioa  totha  fut,  thst  thera  ia  gre^t  Suigei  ol  losins 
chlorine  il  the  iptiiibiun  is  mode  at  a  high  Mraperotuie,  imd  there  ii  no  doubt  he  ia  right. 
He  prefera  to  cnar  the  iirin*ry  residue  tiiorau^lily  ovHr  a.  ■pirit  l&mp,  viri  wHah  out  ths 
chloridea  »lth  hot  wiitar,  the  Rltered  liquid  is  tbaa  BviidUble  toi  direct  esUuudon  with 
Mva  and  ohromaU  or  by  the  V  oi  h  ■  r  d  method. 


i  by  Google 


§  95.  UKINK  401 

decimal  point  moved  two  places  to  the  right,  gives  7-296  gni.  of  salt 
for  1000  ex.  of  urine. 

If  5-B  c.c.  of  the  urine  are  Uken  tor  titration,  the  number  of  co.  ot  ■/!© 
silver  used  will  represent  the  number  of  parte  of  mU  id  1000  parta  of  urine. 

(b)  By  Volhard'a  Method-— This  is  a  direct  estimation  of 
CI  by  excess  of  silver  and  the  excess  found  by  ammonium  or  potasaium 
thiocyanate  (§  43),  whicli  gives  very  good  results  iii  the  absence  of 
much  organic  matter,  and  is  carried  out  as  foIloiTs  :— 

10  CD.  of  urine  ire  placed  in  a  100  c.c.  flaek  and  diluted  to  about  60  cc 
2  o.c.  of  pure  nitric  acid  and  16  o.c.  of  standard  fijlver  eolutiou  (1  c.c.  ^0-01  fpn. 
NaCl)  are  then  added ;  the  closed  flask  is  ^'ell  ehakeD,  and  the  measure  made  up 
to  100  cc.  nitb  distilled  nater. 

The  mixture  i»  then  passed  throuf^h  a  dry  Alter,  and  about  70  or  SO  c.c.  of 
the  dear  fluid  titrated  with  sbrndud  thiocjanate  for  the  excess  of  silver. 
using  the  ferric  indicator  described  on  page  145.  The  relative  strength  of 
the  silver  and  thiocjanate  being  knonm,  the  meMure  of  the  former  required 
to  combine  with  the  chlorine  in  the  7  or  8  c.c.  of  urine  is  found  and  calculated 
into  NaCI. 

Arnold  {Pfl-iiger's  Archiv.  xxx.  541)  carries  out  this  procesB  as 
follows  :— 


organic  matter.     The  liquid  is  then  filtered  and  titrated  as  described  above. 
3.    Estimation  of  ITrea  (Liobig). 

The  combination  between  ui«a  and  mercuric  oxide  in  neutral  or 
alkaline  solutions  is  used  as  tlie  basis  for  the  detemmiation  of  urea 
in  urine ;  and  as  the  precipitate  so  produced  is  insoluble  in  water  or 
weak  alkaline  solutions,  it  is  only  necessary  to  prepare  a  standard 
solution  of  mercury  of  convenient  strength,  and  to  find  an  indicator 
by  which  to  detect  the  point  when  all  the  urea  has  entered  into 
combination  with  the  mercury,  and  the  latter  slightly  predominates. 
This  indicator  is  sodium  corlionate.  Liehig's  instructions  are,  that 
when  in  the  course  of  adding  the  mercurial  solution  from  the  burette 
to  the  urine,  a  drop  of  the  mixture  is  taken  from  time  to  time  and 
brought  in  contact  with  a  few  drops  of  solution  of  sodium  carbonate 
on  a  glass  plate  or  in  a  watch^Iass,  no  change  of  colour  is  produced  at 
the  point  of  contact  untU  the  free  urea  is  all  removed ;  when  this  is 
the  case,  and  the  mercury  is  sightly  in  excess,  a  yellow  colour  is 
produced,  owing  to  the  formation  of  hydrated  mercuric  oxide. 

The  compound  of  urea  and  mercury  consists,  according  to  Liebig's 
analysis,  of  1  eq.  of  the  former  to  4  eq,  of  the  latter  :  that  is  to  say,  if 
the  nitric  acid  set  free  by  the  mixture  is  neutralized  from  time  to  time 
with  sodium  carbonate  or  other  suitable  alkali.  If  this  he  not  done, 
the  precipitate  first  formed  alters  in  character,  and  eveutuaUy  consiste 
only  of  3  eq.  of  mercury  with  1  of  urea.  In  order  to  produce  the 
yellow  colour  with  sodium  carbonate,  there  must  he  an  excess  of 
mercurial  solution.  Theoretically,  lOO  parts  of  urea  should  require 
720  parts  of  mercuric  oxide ;  but.  practically,  772  parts  of  the  latter 
are  necessary  to  remove  all  the  urea,  and  at  the  same  time  show  the 
yellow  colour  with  alkali ;   consequently  the    solution  of    mercuno 
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nitrate  must   l>e   of   empirical   strength,  in   order   to   give  accurate 
resulta. 

Freparatioii   of   tbe   Hercoric   Solution.— 77-2    gm.    of   red 

c  oxide,  or  71-5  gm.  of  the  metal  itself,  are  dissolved  in  the 
y  quantity  of  nitric  acid  by  heat,  but  no  large  amount  of  free 
acid  must  be  present,  then  dilute<l  to  1  liter :  1  c.c.  of  the  solution  is 
then  equal  to  0-01  gm.  of  urea.  Dra^endorf  f  prefers  to  use  mercuric 
chloride  in  the  prepamtion  of  the  standard  solution,  by  weighing 
96-855  gm.  of  the  pure  salt,  which  is  dissolved  in  water,  then  pre- 
cipitated with  dilute  caustic  so<la,  the  precipitate  well  washed  by 
decantation  until  free  froni  chlorine,  then  dissolved  in  a  slight  escess 
of  nitric  acid,  and  the  solution  diluted  to  1  liter. 

Baryta  Solution  for  remoTing  Fhosphorio  and  Salpburio 
Aolda.— Before  urine  can  !«  submitted  to  titration  by  the  mercurial 
solution,  it  is  necessary  to  remove  the  phosphoric  acid,  and  the  proper 
agent  for  this  purpose  is  a  mixture  composed  of  i  vol.  of  cold  saturated 
solution  of  barium  nitrate  and  2  vols,  of  saturated  barium  hydrate ; 
this  agent  is  used  previous  to  the  estiniation  of  urea,  and  may  be 
simply  designated  Baryta  soMion. 

MsTHOD  OF  Procsdceb:  Two  Volumes  nf  the  urioe  are  mixed  with  one  of 
bnyts  solution  (reserring  the  precipilAte  for  the  determination  of  phosphorio 
»cid,  if  aeoeBSUj),and  15  c.c.  (  =  10  c.c.  of  urine)  taken  in  a  small  beaJier  for 
titiaUon;  it  is  brought  under  the  burette  containing  the  mercurial  iulutJon, 
without  neutralizing  the  eioesa  of  baryta,  and  the  solution  added  in  small 
quantities  m  long  a»  a  diMinct  precipitate  is  seen  Ic  form.  A  plate  of  fflass  laid 
over  dark  paper  is  previously  sprinkled  with  a  few  drops  of  ralution  of  sodium 
carbonate,  and  a  drop  of  the  mixture  must  he  hrought  from  time  to  time,  by 
means  of  a  small  glass  rod,  in  contact  with  the  eoda.  So  long  as  the  colour 
remuns  white,  free  urea  is  present  in  the  mixture ;  wben  the  yellow  colour  is 
distinctly  apparent,  the  addition  of  mercurj-  is  discontinued,  and  the  quantity 
used  calculated  for  the  amount  of  urea.  It  is  always  advisable  to  repeat  the 
analysis,  taldng  the  first  titratiou  as  a  guide  for  a  more  accunte  estlautioa 
by  ttie  second, 

EiAHFLB:  16  c.c  of  urine  deprived  of  phosphates  (  =  10  c.c.  of  the  oripnal 
luioe)  were  titrated  as  described,  and  required  17'6  c.c,  of  mercurial  solution; 
consequently  there  wm  0-176  gm,  of  urea  present  in  the  10  c.c,  or  If*  parts  in 
the  1000  of  urine. 

The  experiments  of  Rautenberg  {Attn.  d.  Vhem.  v.  Fharni. 
cxxxiii.  56)  and  PfJiiger  (Z.  a.  C.  xix.  375)  show,  however,  that  the 
method,  as  devi.'!c<l  hy  Liebig,  is  open  to  serious  errors,  due  to  the 
uncertainty  in  the  point  of  neutralization. 

Pflliger's  researches  are  very  complete,  and  lead  to  the  following 
modification  of  the  process. 

A  solution  of  pure  urea  is  prepare<l  containing  2  gm.  in  100  c.c. 
10  c.c.  of  this  solution  arc  placed  in  a  beaker,  and  20  c.c.  of  the' 
mercury  solution  ran  into  it  in  a  continuous  stream  ;  the  mixture  is 
then  immediately  brought  under  a  burette  contaming  normal  sodmm 
carbonate,  and  this  solution  is  added  with  i.onstant  agitation  until  ai 
permanent  yellow  colour  appears.  The  volume  of  soda  solution  so 
used  is  not«d  as  that  which  is  necessary  to  neutralize  the  acidity 
produced  by  20  c.c.  of  the  mercury  solution  in  the  presence  of  urea. 
Pfliigcr  found  that  by  titrating    10   c  c    of   the   urea   solution  by 
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small  additions  of  the  mercury,  and  occasional  neutralization,  the 
end  of  the  reaction  occurred  generally  at  from  172  to  I7'8  c.c.  of 
mercury;  but  when  he  ran  in  boldly  197  c.c.  of  mercury,  followed 
immediately  by  normal  sodium  carbonate  to  near  neutrality,  then 
alternately  a  drop  or  two  of  first  mercury,  then  soda,  the  exact  point 
was  reached  at  20  c.c.  of  mereury  ;  and  when  10  c.c.  of  the  mercury 
solution  which  gave  this  reaction  were  analyzed  as  sulphide  by  weight, 
a  mean  of  several  determinations  gave  0'7726  gm.  of  HgO,  which 
agrees  verj'  closely  with  Liebig's  number. 

In  the  case  of  titrating  urine,  the  following  method  is  adopted  : — 

A  piste  of  colourless  glass  is  Uid  upon  black  cloth,  sod  some  drops  of  a  thick 
mixture  of  sodium  bicart)oiukte  (free  from  carbonate)  and  miter  placed  upon  it  At 
convenieot  dwtances.  The  mercury  solution  is  added  t«  the  urine  in  such 
volume  as  is  judged  appropriate,  and  from  time  to  time  a  drop  of  the  while 
mixture  is  placed  beside  the  bicarbotmte  so  as  t«  touch,  but  not  mix  completely. 
At  first  the  urine  mixture  remains  Know-white,  but  with  further  additions  of 
mercury  a  point  at  last  o<xurB  when  the  white  gives  place  to  yellow.  When  the 
colour  has  developed  itself,  both  drops  are  rubbed  quickly  t<^ther  with  a  glass 
rod ;  the  colour  should  disappear.  Further  addition  of  mercury  is  made 
cautioufly  until  a  faint  yellow  is  permanent.  Now  is  the  time  to  neutralize  by 
the  addition  of  the  normal  soda  to  near  (he  volume  which  ha.'  been  found 
necesBary  to  completely  neutralize  a  given  volume  of  mercury  Bolution.  If  the 
time  has  not  been  too  long  in  reaching  this  point,  it  will  be  found  that  a  few 
tenths  of  a  c.c.  will  suffice  to  iMimplete  the  reaction.  If,  however,  much  time  has 
been  consumed,  it  may  occur  that,  notwithstanding  the  mixture  is  distinctly  acid, 
the  addition  of  soda  produces  a  more  or  less  ^ellqw  colour :  in  this  case,  nothing 
is  left  but  to  go  over  the  analysis  again,  taking-  the  first  trial  as  a  guide  for  the 
quantities  of  mercury  and  soda  solutions,  whi^  should  be  delivered  in  one  after 
the  other  as  Bpeedity  as  po^^ible  until  the  exact  end  is  reached. 

It  is  absolutely  necessary,  with  this  modified  process,  to  render  the 
urine  perfectly  neutral,  after  it  is  freed  from  phosphates  anci  sulphates 
by  baryta  solution. 

Corrections  and  UodiflcatioaB(Liebig).— In  certain  cases  (he  results 

obtained  by  the  above  methods  are  not  strictly  correct,  owing  to  the  variable  state 
of  dilution  of  the  liquid,  or  the  presence  of  matters  which  affect  the  raeroury 
solution.  The  errors  are,  however,  generally  so  slight  as  not  to  need  correction. 
Without  en(ering  into  a  full  description  of  their  origin,  I  shall  simply  record 
the  facta,  and  give  the  modifications  necessary  t«  be  made  where  thought 
desinble. 

The  Urine  contains  more  than  2  per  cent,  of  Urea,  >>.,  more  tiian 
20  parte  per  1000.  This  quantity  of  urea  would  necessitate  20  c.c.  of  mercurial 
solution  for  10  c.c.  of  urine.  All  that  is  necesmn  to  be  done  when  the  first 
titration  has  shown  that  over  2  per  cent,  is  present,  is  to  add  half  ai  much  irater 
to  the  urine  in  the  second  titration  as  has  been  needed  of  the  mercurial  solution 
above  20  c.c.  Suppose  that  28  c.c.  have  been  used  at  first,  the  excess  is  8  c.c, 
therefore  4  c.c.  of  wafer  are  added  to  the  fluid  before  the  Bccond  experiment 

The  Urine  contains  less  than  2  per  cent,  of  Urea.  In  this  case, 
for  every  4  cc.  of  merourial  solution  less  than  20, 0'l  c.c.  must  be  deducted,, 
before  calculating  the  quantity  of  urea;  so  that  if  16  c.c.  have  been  required  to 
produce  the  yeilowj^colour  with  10  cc.  urine,  159  is  to  be  considered  the 
correct  quantity. 

The  Urine  contaijus  more  than  1  per  cent,  of  Soldium  Chlorid!e, 
ix.,  more  than  10  parts  per  1000.     In  this  case  2  c.c.  must  be  deducted  from  tlie 
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The  Urine  contsina  Albumen.  In  this  case  60  c.c.  of  the  urine  >re 
boHed  with  2  dropa  of  strong  uetic  acid  to  coagulate  the  albumen,  the  precipitate 
allowed  t«  settle  thoroughly,  and  30  c.o.  of  the  clear  liquid  mixed  with  15  c.c.  of 
baiTt*  Boliition,  Altered,  and  titrated  for  urea  as  previously  dwcribed. 

The  Urine  coDtains  AmmoDtum  Carbonate.  The  presence  of  this 
substance  is  brought  About  by  the  decomposition  of  urea,  and  it  may  sometimee 
be  of  interettt  to  know  the  quantity  thus  produced,  so  as  to  calculate  it  into  urea. 

Aa  its  prettence  iuterferes  with  the  correct  estimation  of  urea  direct,  by 
mercurial  solution,  a  portion  of  the  urine  ts  precipitated  with  baryta  as  usual, 
and  a  quantity,  represeuting  10  c.c.  of  urine,  evaporated  to  dryness  iu  the  waler- 
batb  to  expel  the  ammonia,  the  residue  then  dissolved  in  a  little  water,  and  the 
lire*  estimated  in  the  ordinary  way.  On  the  other  hand,  60  or  100  cc.  of  the 
urine,  not  precipitated  with  baryta,  ore  titrated  with  normal  sulphuric  acid  and 
litmus  paper,  each  c.c.  of  add  representing  0017  gm.  of  ammonia,  or 
0-08  gm.  of  urea. 

I'flUger's  corteetion  for  concentmtion  of  the  urea  differs  from 
I.iebig's,  liis  rule  ijcing  as  follows  : — 

Given  the  volume  of  urea  »olution  +  the  volume  of  NaCO,  required+the 
volume  of  any  other  fluid  free  from  urea  which  may  be  added,  and  call  this  V| ; 
the  Tolume  of  mercury  solution  is  V, ;  the  oorrectioD  C  is  then 
C (V,— V,)  X 008. 

Thin  formula  holds  good  for  cases  where  the  totAt  mixture  if  less  than  three 
tim«a  the  volume  of  mercury  used. 

With  more  concentrated  solutions  this  Formula  gives  results  too  high. 

Pfeiffer  {Zrif.  /.  Btol.  xs.  540)  has  made  a  careful  comparison  of 
Liebig's  (as  modified  by  Pfliiger)  and  Kautenberg's  methoda  of 
estimating  urea.  The  essential  difference  of  Kautenberg's  method 
consists  in  maintaining  the  urea  solution  neutral  throughout  fay 
successive  additions  of  ealcimu  carbonate ;  under  these  conditions, 
the  composition  of  the  precipitate  differs  from  that  formed  when  the 
titration  is  ma<le  according  to  Pfliiger's  process,  a  fact  which  accounts 
for  the  diminished  consumption  of  mercuric  nitrate  in  the  former 
method.  The  general  conclusions  from  his  observations  may  be 
summarized  as  follows : — (1)  In  estimating  the  correction  for  sodium 
chloride,  the  amount  of  free  acid  should  be  as  small  as  possible,  and 
O'l  c.c.  should  be  subtracted  from  every  c.c.  of  niercuric  nitrate  used, 
but  in  human  uritte  it  is  preferable  to  precipitate  the  chlorine  with 
silver  nitrate,  as  a  slight  excess  of  the  latter  does  not  influence  the 
result.  (2)  The  coefficient  for  dilution  should  be  determined  afresh 
for  every  new  standard  sohition. 

4.    Estimatioa  of  Urea  by  its  oonversioD  into 
ITltrogen  Gas. 

If  a  solution  of  urea  is  mingled  with  an  alkaline  solution  of 
hypochlorite  or  hypobromite,  the  tirea  is  rapidly  decomposed  and 
nitrogen  evolved,  which  can  be  collected  and  measured  in  any  of  the 
usual  forms  of  gas  apparatus  described  in  tlie  section  on  analysis 
of  gases. 

Test  experiments  with  pure  urea  have  shown,  that  the  whole  of 
the  nitrogen  contained  in  it  is  eliminated  in  this  process,  with  the 
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exception  of  a  coostant  deficit  of  8  per  cent.  lu  tlie  ua^  of  uriue 
there  are  other  nitrogenous  constituents  present,  such  as  uric  acid, 
hippuric  acid,  aud  creatinine,  wLicli  render  up  a  amaQ  proportion  of 
their  nitrt^en  in  the  process,  but  the  quantity  so  obtained  is 
inai^ificant,  and  may  be  disregarded.  Consequently,  for  all  medical 
purposes,  this  method  of  estimating  urea  in  urine  is  sufficiently  exact 
In  the  case  of  diabetic  urines,  however,  Mehti  and  others  have 
pointed  out  tliat  this  deficiency  is  diminiBhed,  and  if,  in  addition  to 
the  glucose  present,  cane  sugar  be  also  added,  it  will  almost  entirely 
disappear.  Mehil  therefore  recommends  that  in  the  analysis  of 
saccharine  urines  cane  sugar  be  added  to  ten  times  the  amount  of  urea 
present,  when  the  difference  between  the  actual  and  theoretical  yield 
of  nitrogen  will  not  exceed  1  per  cent.  {Bull.  Soc.  Ckim.  [2] 
xxxiii.  410). 

Russell  and  West  (/.  C.  S.  [2]  xU.  749)  liave  described  a  very 
convenient  apparatus  for  working  the  process,  and  wJiieh  gives  very 
good  results  in  a  short  space  of  time.  Tlus  method  has  given  rise  to 
endless  forms  of  apparatus  devise<t  by  various  operators,  including 
Mehii,  Yvon,  Duprd,  Apjohn,  Maxwell  Simpson,  Doremua, 
O'Keefe,  etc.,  etc. ;  the  principles  of  construction  are  all,  liowever, 
the  same.  Those  who  may  wish  to  construct  simple  forms  of 
apparatus  from  ordinary  laboratory  appliances,  will  do  well  to  refer  to 
the  arrangements  of  Uupre  (J.  C.  S.  1877,  534)  or  Maxwell 
Simpson  (ibid.  538).  The  nitrometer,  with  side  flask,  aud  using 
mercury,  is  perhaps  the  best  of  all  for  the  gasometric  estimation  of 
urea.  Each  c.c.  of  N  produced,  after  correction  for  temperature, 
pressure,  and  moisture,  being  equal  to  0'002952  gm.  of  nrea  on  the 
assumption  that  92  °/„  is  evolved. 

The  apparatus  devised  by  Kussell  and  West  is  shown  in  fig,  58, 
and  may  be  described  as  follows  :— 

The  tube  for  decomiwsing  the  urine  is 
about  9  inches  long,  and  about  half  an 
inch  inside  diameter.  At  2  Inches  from 
it-^  closed  end  it  is  narrowed,  and  an 
elongated  bulb  is  blown,  leaving  tlie  orihcu 
at  its  neck  ^  of  an  inch  in  diameter ;  the 
bidb  should  hold  about  12  c,c.  The  mouth 
of  this  tube  is  fixed  into  the  bottom  of  a 
tin  tray  about  1  j  inch  deep,  which  acts  as 
a  pneumatic  trough  ;  the  tray  is  supported 
on  legs  long  enough  to  allow  of  a  small 
spirit  lamp  Ijeing  held  under  the  bulb 
tube.  The  measuring  tube  for  collecting 
the  nitrogen  is  graduated  into  cubic  centi- 
meters, and  of  such  size  as  to  fit  over  the 
mouth  of  the  decomjKisiug  tube  ;  one 
holding  about  40  c.c,  is  a  convenient  sm-. 
Kussell  and  West  have  tixed  by  esperi- 
iiieiit  the  i)roportions,  so  as  to  obviate  thi' 
necessity   for  currcttion  of  pressure  ami 
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temperature,  namely,  37-1  c.c.  -=0'1  gin.  of  (ireu,  since  tliey  found  that 
5  CO.  of  a  2  per  cent,  solution  of  urea  constantly  gave  37-1  c.c.  of 
iiitroj,'en  at  ordinary  teiuiiewtutea  and  pressures.  Tlie  entire  apparatus 
can  be  pureliased  of  most  oj)Cralive  chemists  for  a  moderate  sum. 

HyjKibromite  Solution. — Tliia  ia  best  prejared  by  dissolving  100  gm. 
of  caustic  soda  in  250  c.c.  of  water,  and  at  the  time  required  25  c.c.  of 
the  solution  are  mixed  with  2'5  c.c.  of  bromine ;  this  mijtture  gives  a 
rapid  and  complete  decomposition  of  the  urea.  Strong  solution  of 
sodium  or  calcium  hypochlorite  answers  equally  well. 

Method  of  Pmocbdubb:  0  c,c.  of  the  urine  ure  measured  into  the  bulb- 
tube.  E);ed  in  iU  proper  position,  sud  tbe  pides  of  the  lube  washed  down  with 
distilled  water  so  that  the  bulb  is  tilled  up  to  ita  constnctioD,  A  ti^aas  rod, 
huTiu);  a  thin  band  of  india-rubber  on  iLs  eikd,  is  tben  passed  down  into  the 
tube  so  as  to  plug  up  the  narrow  opening  of  tbebulb.  The  hypobromite  solution 
is  then  poured  iuto  the  upper  part  of  tbe  tube  until  it  is  full,  and  tbe  trough 
is  aflerwurds  halt  filled  wilh  waler. 

The  graduated  tube  is  filled  with  water,  the  thumb  placed  ou  tbe  open  end, 
and  the  tube  is  inverted  in  the  trough.  The  glass  rod  is  then  pulled  out,  and 
tbe  graduated  tube  slipped  over  tbe  mouth  of  the  bulb-tube. 

The  reautioQ  commences  immediately,  and  a  torrent  of  gas  rises  Into  the 
measuring  tube.  To  prevent  any  of  the  gas  being  forced  out  by  the  reaction, 
the  upper  part  of  the  bulb-tube  is  sliRhtly  narrowed,  so  that  tbe  gas  is  directed 
to  the  ventre  of  the  );raduated  tube.  >Tith  the  streni;th  of  hypobramite  solution 
above  described,  the  reaction  'u  complete  iu  the  cold  in  about  ten  or  fifleea 
minutes ;  but  in  order  tu  ex]>edite  it,  the  bulb  is  eliglitly  warmed.  Tbis  causes 
the  mixing  to  take  place  more  rapidly,  and  tbe  reaction  is  tbou  complete  in  five 
minutes.  The  reaction  will  be  rapid  and  complete  only  wbeu  there  is  con- 
siderable excess  of  the  hypobromiie  present.  After  tbe  reaction  tbe  liquid 
thould  still  have  tbe  charade ristic  colour  of  the  hypobroniite  solution. 

Tbe  amount  of  constriction  in  tbe  tul>e  is  by  no  means  a  matt«i  of 
inditfereiice,  as  the  ra]>idity  with  which  the  reaction  takes  place 
depends  ujion  it.  If  the  liquids  mix  too  quickly,  tbe  evolution  of 
the  gas  is  so  rapid  that  loss  may  occur.  I.hi  the  other  luind,  if  tlie 
tube  is  too  nmch  constricted,  tbe  reaction  takes  jilace  too  slowly. 

The  simplest  means  of  supjwrting  the  mea.suring  tube  is  to  liave 
tlie  bulb-tube  corked  into  a  well,  wliich  projects  from  the  bottom  of 
the  trough  about  one  inch  do^Tnwards.  The  graduated  tube  stands 
over  tbe  bull>tubc,  and  rests  upon  tlie  cork  in  the  bottom  of  the  well. 
It  is  convenient  to  fiave,  at  tbe  other  end  of  tbe  trough,  another  well, 
which  will  form  a  support  for  the  measuring  lube  when  not  in  use. 

To  avoid  all  calculations,  the  measuring  tube  is  graduated  so  that 
the  amount  of  gas  read  otf  expresses  at  once  what  may  be  called  tlie 
pi'voentage  amount  of  urea  in  tJie  urine  exi>crimented  upon ;  i.e.,  the 
number  of  grams  in  100  c.c,  5  c.c.  being  the  quantity  of  urine  taken 
in  each  case.  Tbe  gas  collected  is  nitrogen  saturated  with  aqueous 
vapour,  and  tbe  bulk  will  obviously  be  more  or  less  affected  by 
temperature  and  pressure.  Alterations  of  tbe  bai'ometer  produce  so 
BUiali  an  alteration  in  the  volume  of  tbe  gas,  tliat  it  may  be  generally 
neglected ;  e.g.,  if  there  are  30  c.c.  of  nitrogen,  tbe  quantity  preferred, 
an  alteration  of  one  incli  in  tbe  height  of  barometer  would  produce  an 
error  in  tbe  amount  of  uiea  of  about  0-003  ;  but  for  more  exact  experi- 
lueiits,  tlic  correction  for  ])rcs,-iurc  shoidd  be  introduced. 
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In  the  wards  of  hospitals,  and  in  rooma  where  the  experiments  are 
most  likely  to  be  made,  the  temperature  will  not  vary  much  from  65° 
F.,  and  a  fortunate  compenaation  of  errois  occurs  with  this  form  of 
apparatus  under  these  circumstances.  The  tension  of  the  aqueous 
vapour,  together  with  the  expansion  of  the  gas  at  this  temperature, 
almost  exactly  counterbalances  the  loss  of  nitrogen  in  the  reaction. 

The  authors  found  from  experience  that  5  c.c.  of  urine  is  the  most 
advantageous  quantity  to  employ,  aa  it  usually  evolves  a  convenient 
bulk  of  gas  to  ex|icriment  with,  i.e.,  about  30  c.c.  They  have  shown 
that  5  c.c.  of  a  standard  solution  containing  2  jwr  cent,  of  urea  evolve 
37-1  c.c.  of  nitrogen,  and  have  consequently  t^en  this  as  the  basis  of 
the  graduation  of  the  measuring  tute.  This  bulk  of  gaa  is  read  off  at 
once  as  2  per  cent,  of  urea,  and  in  the  same  way  tlie  other  graduations 
on  the  tul>B  represent  percentage  amounts  of  urea. 

If  the  urine  experimented  with  is  very  rich  hi  urea,  so  that  the 
S  c.c.  evolve  a  umch  larger  volume  of  gas  than  30  c.c.,  then  it  is  best 
at  once  to  dilute  the  urine  with  its  own  hulk  of  water ;  take  5  c.e.  of 
this  diluted  urine,  and  multiply  the  volume  of  gas  obtained  by  two. 

If  the  urine  contains  much  al])umen,  this  interferes  with  the 
process  su  far  that  it  takes  a  loiij;  time  for  the  bubbles  of  gas  to 
sulwiJe,  before  tlie  volume  of  gas  obtained  can  be  accurately  read  off. 
It  is  therefore  better  in  such  ctiaes  to  remove  as  much  as  possible  of 
the  albumen  by  lieatuig  the  urine  with  two  or  three  drops  of  acetic 
acid,  filtering,  and  then  using  the  filtrate  in  the  usual  manner. 

Ilamburger  {Zeit.  f.  Biol.  xx.  286)  descril>es  a  method  founded 
on  Quinquand's  (Monit.  Seien.  1882,  2),  in  which  the  decomposition 
of  urea  by  hypobromite  is  supposed  to  take  place  thus  : — 

C0(XHa)2  +  SXaBrO  =  3SaBr  +  211,0  +  CO^  +  N^. 
This  reaction  requires  the  proportion  of  l)romine,  soiliuni  hydrate,  and 
water  to  be  exactly  balanced  or  incorrect  results  will  be  obtained. 
The  author  claims  for  his  methoil  that  it  will  yield  correct  results,  no 
matter  in  what  proportions  these  reagents  are  present.  It  consists 
essentially  in  adding  an  excess  of  an  alkaline  solution  of  sodium 
hypobromite  (of  known  strength  in  relation  to  standard  alkaline 
arscnite)  to  the  liipiid  containing  urea,  then  destmyiug  the  excess  of 
hyi>obromite  with  an  excess  of  standani  arsenite  ( =  19-8  gm.  As.^K.\ 
l>er  liter),  and  finally  determining  the  amount  of  arscnite  remaining 
imoxidized,  by  titration  with  standard  iodine,  the  amount  of  urea  then 
being  readily  calculated  from  the  amount  of  ai'seuite  remaining 
unoxidized.  The  author's  experiments  as  to  the  accuracy  of  the 
method,  show  tliat  a  certain  (juantity  of  urea  always  requires  the  same 
amount  of  hypobromite,  and  that  the  dilution  of  the  solution  of  urea 
has  no  effect  on  the  ([uantity  of  hypobromite  employed. 

To  decide  on  the  applicability  of  the  metlnjd  to  natuml  urine  great 
pains  were  taken,,  the  urea  being  determined  as  described,  the  ciiect  of 
its  dilution  with  water  studied,  pure  urea  ailded,  and  the  whole 
estimated,  and  lastly  siwlium  hypobromite  of  various  degrees  of 
concentration  employed ;  the  results  of  the  ex]ieriraenta  are  given 
very  fully  and  tabulated.     On  the  whole  they  are  very  satisfactory. 
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the  differenceH  falling  well  within  the  limito  of  errors  of  observKtion 
and  manipulation  ;  the  method  may  therefore  be  considered  applicable 

to  the  determination  of  nrea  in  urine. 

6.    Estimation  of  Phosphoria  Aoid  (see  also  §t73). 

The  principle  of  this  method  is  fully  described  at  page'_292. 
The  following  solutions  are  required  ; — 

(1)  Standanl  uranium  acetate  or  nitrate.  1  c.e.  =  0-005  gm.  PjO. 
{see  p.  293). 

(2)  Standard,  phosphoric  acid  (see  p.  394). 

(3)  Solution  of  sodium  acetate  (see  p.  294). 

(4)  Solution  of  potassium  ferrocyanide.^Ahout  1  part  to  20  of 
wat«r,  freshly  prepared. 

Method  of  Pbocbdubb  :  60  c.o.  of  the  clear  urine  are  me(ieur«d  iDto  a 
nuall  beaker,  together  with  5  c.c.  of  the  solution  of  sodium  acetate  (if  uranium 
nitrate  is  u»ed).  The  mi:tture  is  then  warmed  in  the  mler-batfa,  or  othenriM, 
and  the  uranium  solntion  delivered  in  from  the  burette,  with  oonstont  atirrinK, 
as  long  as  a  precipitate  is  seen  to  occur.  A  small  portion  of  the  mixture  is 
then  removed  ivitli  a  glass  rod  and  tested  as  described  (p.  294) ;  so  long  u  do 
brown  colour  is  produced,  the  addition  of  uranium  majr  be  oontiuued ;  when  the 
funtest  indication  of  this  reaction  is  seen,  the  process  must  be  slopped,  and  the 
amount  of  colour  observed.  It  it  coincides  with  the  original  testing  of  the 
uranium  solution  with  a  similar  quantity  of  fluid,  the  result  is  satisfactory,  and 
the  quantity  of  solution  used  may  be  calculated  for  the  total  phosphoric  acid 
oonlmned  in  the  50  c.c.  of  urine ;  if  the  uranium  has  been  used  accidentally  ia 
too  great  quantity,  10  or  20  c.c,  of  the  same  urioe  ma;  be  added,  and  the  testing 
concluded  more  oautiou>ly.  Suppose,  for  eiample,  that  the  solution  has  been 
added  in  the  right  proportion,  and  19'2  c.c.  used,  the  60  c.c.  will  have  contained 
0-096  gm.  phosphoric  acid  (  - 182  per  100).  With  cate  and  some  httle  practice 
the  results  are  very  satisfactory. 

Earthy  FhospliateB.— The  atrave  determinatiou  gives  the  total  amount 
of  phosphoric  acid,  but  it  mav  sometimes  be  of  interest  to  know  how  much  of 
it  IS  combined  with  lime  and  magnesia.  To  this  end  100  or  200  c.c.  of  the 
urine  are  measured  into  a  beaker,  and  rendered  Freely  alkaline  with  ammonia; 
the  vessel  is  then  set  aside  for  ten  or  twelve  hours,  for  the  precipitate  of  earthy 
phosphates  lo  settle:  the  clear  liquid  ia  then  decanted  through  a  filter,  the  pre- 
cipitate brought  upon  it  and  washed  with  ammoniocal  water;  a  hole  is  then 
made  in  the  filter  and  the  precipitate  washed  through ;  the  paper  moistened 
with  a  little  acetic  acid,  ana  washed  iuto  the  vttsel  conloining  the  precipitate, 
which  latter  is  dissolved  in  acetic  acid  (some  sodium  acetate  added  if  uranium 
nitrate  is  used),  and  the  mixture  diluted  to  about  50  c.c.  and  titrated  as  before 
described;  the  quantity  of  phosphoric  acid  so  found  is  deducted  from  the  total 

ereviously  estimated,  and  the  remaicder  gives  the  quantity  existing  in  com- 
[nation  with  alkalies. 

fl.    Estimation  of  Sulpburio  Aoid. 

Stauilanl  Ijuriiini  chloride. — A  quantity  of  crystallized  barium 
chloride  is  to  he  jwwdercd,  and  dried  between  folds  of  blotting-paper. 
Of  this,  30-5  gm.  ai-o  dissolved  in  distilled  water,  and  the  liquid 
made  up  to  a  liter.     1  c.c.  =  0-01  gm.  of  SO,,. 

Solution  of  sodium  sul|ihate. — 1  part  to  10  of  water. 
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Method  of  Psdcbdubb  :  lOO  c.c.  of  tbe  oriDe  are  poured  into  n  beaker,  a 
little  hydrochlorio  acid  added,  and  the  whole  placed  on  a  Email  Hmd-bath,  to 
whioh  heat  is  applied.  When  the  eolutioa  boils,  the  barium  chloride  is  allowed 
to  flow  in  very  padually  us  lou^  as  the  precipitate  is  seen  distinctly  to  increase. 
The  heat  is  removed,  and  the  vessel  allowed  to  stand  still,  so  that  the  preoipitate 
ma;  aubside.  Another  drop  or  two  is  then  added,  and  so  on,  uDtil  the  whole 
of  the  SOj  is  precipitated.  Much  time,  however,  is  saved  bj  using  Beale's 
filter,  represented  in  fig,  23.  A  little  ot  the  fluid  is  thus  filtered  clear,  poured 
into  a  test-tube,  and  tested  with  a  drop  from  the  burette;  this  is  afterwards 
returned  to  the  beaker,  and  more  of  the  test  solution  added,  if  necessary. 
The  operation  is  repeated  until  (ho  precipitation  is  complete.  In  order  to  be 
luie  Ihat  too  much  of  the  baryta  solution  has  not  been  added,  a  drop  ot  the 
clear  fluid  is  added  to  the  solution  of  sodium  sulphate  placed  in  a  test-tube 
or  upoD  a  small  nurror  (see  p.  333).  If  no  precipitate  occurs,  more  barium 
must  be  added ;  if  a  slight  oloudiness  takes  place,  the  analysis  is  fiuisbed ;  but  if 
much  preotpitate  is  produced,  too  large  a  quantity  of  the  test  baa  been  used, 
and  the  analysis  muct  be  repeated. 

For  ioBtance,  suppose  that  18'5  cc  h&ve  been  added,  and  there  is 
still  a  slight  cloudinesa  produced  which  no  longer  increases  after  tbe 
addition  of  another  ^  c.c,  we  know  that  between  IdJ  and  19  c.c.  of 
solution  have  been  required  to  precipitate  the  whole  of  the  sulphuric 
acid  present,  and  that  accordingly  the  100  c.c.  of  urine  contain 
between  0-185  and  019  pn.  of  SOj. 

7.    Estimation  of  Sugar. 

Fehling's  original  method  is  precisely  the  same  as  described  in 
§  74,  but  the  most  suitable  methods  for  urine  are  Gerrard's  or  the 
Pavy-Fehling  (§  75). 

Procbss  fob  ths  Cyano-ccfbic  Solittiok.— 10  c.c.  of  the  clear  urine  are 
diluted  by  means  of  a  measuring  flask  to  200  c.c.  with  wat«r,  and  a  lai^  burette 
filled  wim  thefluid.  To  lOo.o.  of  the  cyano-ciiprio solution  prepared  as  directed 
(p.  321)  are  then  meuLired  another  10  c.c.  of  Fehlin^'a  copper  and  tbe  liquid 
brought  to  tmiling;  the  diluted  urine  is  then  deUvered  in  cautiously  from  the 
burette  while  still  boiling,  and  with  couetant  stirring,  until  the  bluiiJi  colour 
has  nearly  disappeared.  The  addition  of  the  urine  must  theu  be  continued 
more  carefully,  until  the  colour  is  all  removed,  tbe  burette  is  then  read  off, 
and  the  quantity  uf  sugar  in  the  urine  calculated  as  follows ; — 

Suppose  that  40  c.c.  of  tbe  diluted  urine  have  been  required  to  reduce  the 
10  c.c.  of  copper  solution,  that  quantity  will  have  oont*ined  006  gm.  of  sugar; 
but,  the  urine  being  diluted  20  times,  the  40  c.c.  represent  only  2  c.c.  of  the 
original  urine;  therefore  2  c.c.  of  it  contain  O'OS  gm.  of  sugar,  or  25  parts 
per  1000. 

If  the  Pavy-Fehling  solution  is  used,  it  is  prepared  as  described 
in  §75. 

Method  of  Pbocedube  :  10  c.c  of  clear  urine  are  diluted  as  just  described, 
and  delivered  cautiously  from  tbe  burette  into  50  or  lOO  c.c.  of  tbe  Pavy- 
Fehling  lii^uid  (previously  heatod  to  boiling)  until  the  colour  is  discharged. 
The  calculation  is  the  same  as  before.  lOO  c.c.  of  Pavy-Fehling  solution 
=  0-05  gm.  glucose. 

The  ammoniacal  fumes  are  best  absorbed  by  leading  an  elastic  tube  from 
the  reduction  flask  into  a  beaker  of  water;  the  end  of  the  tube  should  be 
plumed  with  a  piece  of  selid  glass  rod,  aiid  a  transverse  sUt  made  in  the  elastic 
tube  just  above  the  plug.  Tbis  valve  allows  tbe  vapours  to  encape,  but  pt«TentK 
the  return  of  the  liquid  in  case  ot  a  vacuum. 
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8,    Estimatioii  of  Urio  Aoid. 


A  method  for  tlie  accurate  estituation  of  this  constituent  of  urme 
has,  up  to  the  preEent,  not  be<in  found ;  that  is  to  say  although  good 
Tesults  may  lie  obtained  with  chemically  [n^pared  pure  uric  aciii,  there 
is  no  certainty  that  the  sacue  correctness  will  occur  with  the  urinary 
ocid  as  seitatated  in  the  usual  way.  T]ie  difficulty  ta  caused  by  the 
complicated  character  of  the  urine  itself,  and  however  accurate  the 
process  may  be  with  the  acid  iu  a  sejarate  pure  state,  it  hccomea  far 
less  reliable  when  such  method  is  a]>])lied  to  normal  or  abnormal 
urine.  The  precipitation  of  the  acid  iu  combination  with  some  metal, 
sucli  as  silver  or  copper,  carries  with  it  also  the  so-called  alloxuric 
bases,  and  the  se{iaration  by  hydrochloric  acid  contaminates  the 
precipitate  with  colouring  and  other  matters  which  militate  ^inst  its 
accurate  estimation  wittk  permanganate.  I  am,  however,  of  the 
opinion  tliat  the  latter  method  is,  even  now,  one  of  the  best  for  a 
rapid  comi>arative  estimation  of  this  constituent. 

MsTHOD  OF  Pbocedube  :  !00  CO.  ol  tlie  urine  are  put  inUi  an  evaporating 
basin  with  a  few  drops  of  conceotrated  hydrochloric  acid,  ind  evaporatod  OD  the 
water-bath  to  uboutbalf  the  volume;  it  is  then  trnneferr^  to  a  cloaelj-stoppered 
flask,  toiifetber  with  auy  sUght  precipitate  which  may  have  (ormed.  6  c.o.  of 
couceotrated  hydrochloric  acid  are  tbea  added,  and  the  mixture  violently 
shaken  for  a  few  niiuutesi.  It  ia  then  allowed  to  settle  for  half  an  hour  and 
the  liquid  passed  through  a  small  filler  of  smooth,  hard  texture,  liking  care  to 
pass  as  little  as  possible  of  the  sedinient  to  the  Rlter,  About  20  c.c.  of  oold 
water  are  then  added  to  the  prccipitite  in  the  flnsk.  which  is  in  turn  passed 
through  the  filter.  The  filter  ia  then  also  washed  with  about  the  same  quantity 
of  water;  a  hole  ix  then  made  at  its  apex,  and  the  small  quantity  of  adherins 
precipitate  washed  into  the  original  flask.  Fiuilly  about  10  c.c.  of  coucentrabed 
solution  of  causiic  potash  (1  :  10)  are  added  to  the  contents  of  the  flask  and 
lightly  warmed  until  a  clear  solution  is  obtained.  The  mixture  is  then  diluted 
with  about  100  c.c.  of  cold  water,  20  c.c.  of  dilute  sulphuric  aoid  added  (I  :  5), 
and  the  titration  with  "/lo  permanganate  carried  out  in  the  usual  manner. 

Another  form  of  the  periuaiiganate  jirocess  is  to  precipitate  the 
phosphates  from  100  c.c.  of  urine  mth  sodium  carbonate.  The  filtiate 
is  mixed  with  5  c.c.  of  a  4  ]^>er  cent,  solution  of  copper  sulphate  and 
20  c.c.  of  a  solution  containing  10  per  cent,  each  of  Kochelle  salt  and 
sodium  thiosuljihate.  The  precipitate  so  formed  is  liltered  of!'  and 
well  washed  with  distilled  water,  then  transferred  to  a  flask  with 
about  400  c.c.  of  ivater,  5  c.c.  of  sulphuric  acid  ailded,  and  the  uric 
acid  titrated  with  pcnnangunatc. 

l\o  absolute  weight  of  uric  acid  can  I>e  calculated  from  the  results, 
but  Mohr  assumes  that  each  c.c.  of  ^/m  iiermanganatu  =  0-0075  gm, 
of  uric  acid  ;*  tlie  process  may,  however,  he  maile  available  for 
pathological  purposes  by  comparing  the  results  from  time  to  time 
with  the  urine  from  the  same  person. 

The  following  method  has  a  good  claim  to  accuracy  as  respects  the 
actual  amount  of  uric  acid  present  in  any  given  specimen  of  urine, 
but  is  tedious.  It  is  based  on  the  fact  that  an  alkaline  solution  of 
uric  acid  reduces  Fehling  solution  in  the  same  way  as  glucose.  The 
method  is  worked  out  by  E.  Kiegler  (Z.  n.  C.  1896,  31),  who  found 

-  Thli^rurehnsbeeuieHfledbjP.G.  Hopkins  lAllBn'HC'jfmrsljjo/Prme,  p.  171). 
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that  an  average  of  m^ny  experiments  gave  0-8  gui.  of  reduced  copper 
for  1  gm.  of  uric  acid.  The  acid  is  first  aepirited  from  ths  iiriQE  as 
ammonium  urate  by  Hopkins'  raethol : — 

Method  of  Pkoceduke  :  200  oc  of  urina  are  miiel  with  10  c.o.  of  a 
saturated  solution  of  sadium  carbonate,  allowed  to  kLodJ  Tor  h^ilf  an  hour,  aud 
filtered  from  the  precipitated  phosphate.i.  The  preoipltnteis  washed  with  60  o.c 
of  bot  water,  and  to  the  Sltrate  and  waah-water  20  o.o.  of  a  saturated  solution 
of  ammonium  chloride  added.  The  liquid  ia  well  stirred,  and  after  five  hours 
filtered,  preferably  tbroiigb  a  Schleicher  and  ScbQIl  tiller.  No.  597,  11  cm. 
The  precipitate  of  ammonium  urate  is  washed  with  50  c.c.  of  water,  and  then 
introduced  by  means  of  a  jet  from  a  wash in^-t)ot tie  into  a  30J  c.c.  beaker. 
'  Several  dripn  of  potash  tre  added  to  cleir  the  liquid,  then  SO  c.c.  of  Vehl log's 
solution,  and  the  whole  well  stirred.  The  beaker  is  then  heated  on  a  wire 
gauze  until  the  liquid  bolts,  the  boiling  being  continued  for  five  minutes. 
When  the  precipitate  has  subsided,  the  liquid  i»  filtered  through  a  smlll  tough 
niter  (Schleicher  and  SohUll,  No.  590,  9  cm.),  the  precipitate  veil  washed, 
and  dissolved  in  20  o.o.  of  nitric  acid  (»p.  gr,  11),  the  filter  bein;;  washed  with 
60  c.c.  of  water. 

To  this  solution  dry  powdered  sodium  carbonate  is  added  little  by  little  until 
there  is  a  permanent  turbidity.  The  liquid  is  then  cleared  by  the  cautious 
addition  of  dilute  sulphuric  acid,  and  made  up  to  100  c.c.  25  c.c.  of  this  are 
placed  in  a  100  o.o.  fliak.  1  gm.  of  potassium  iodide  in  10  c.o.  of  water  added, 
allowed  to  stand  for  ten  minutes,  then  titrated  with  standard  thiodulphate 
solution  (Ic.o.^O'OOJ  gm.  uric  acid),usingstarGh  as  the  indicator.  To  the  toUl 
amount  of  uric  acid  found  in  the  200  o.c.  of  urine,  an  additional  (y02i  gm. 
should  tie  added  to  allow  for  the  solubility  of  the  ammonium  urate  in  urine. 

The  standard  thiosulphate  solution  is  made  by  diluting  126  c.c.  of 
"/lO  solution  to  500  c.c.     Tlie  reaction  is : — 

2Cu{N03)j+  4KI  =  Cu  Jo  +  4KN(\  + 1,. 

The  reduced  cuprous  oxide  inty  also  hi  weighed  directly  or  reduced 
to  metallic  copper,  as  in  the  estimation  of  sugar.  In  the  latter  case 
the  amount  of  copper,  miiltipiied  by  the  factor  1-35,  givea  the 
corresponding  amount  of  nric  acid. 

E.  H.  Hartley  {J.  Am.  C.  S.  1897.  649)  points  out  with  reason 
that  the  object  for  which  the  estimation  of  uric  acid  is  generally 
done  does  tiot  require  extreme  accuracy.  The  chief  acceptable 
process  ought  to  be  one  which  will  give  consonant  results  and 
which  can  be  quickly  accomplished,  and  though  not  absolutely  exact 
is  nevertheless  comjwratively  exact.  The  method  i)ropo3ed  by 
Hartley  is  b-js&l  to  some  extent  upon  previous  o:im  by  Salkouski, 
Haycraft,  etc.,  tliat  is  to  siy,  the  uric  acid  is  jireuipitated  from  the 
urine  by  silver  nitrate  lu  the  presence  of  an  excels  of  amra)niacal 
magnesia  mixture. 

MeraoD  of  PbocboubS:  To  50  or  100  c.c.  of  the  cleir  urine  add  5  c.c.  of 
ordinary  magnesia  mixture  such  as  is  U4ed  for  pho<pha1e!<,  and  abiul  10  c.c.  of 
ammonia  of  sp.  gr.  0'9B,  this  must  be  in  excess.  Warm  the  mixture  on  the 
witer-hith  and  add  from  a  burette  '^/bo  silver  nitrite  until  a  drop  of  the  nitrate 
when  brought  into  contact  with  a  drop  of  weik  sodium  .'lulphide  sulution  on 
a  white  pUto  shows  a  dark  ring  or  cloud.  The  filtration  can  be  carried  out  with 
Beale's  filter  (6g.23)  or  a  dropping  pipette  oau  bau.sed,  the  end  of  which  is  tied 
over  with  cotton  wool.  The  clear  liquid  only  mu^t  be  tested.  E:ich  c.c.  of  silver 
represents  000336  gm.  of  uric  add,  and  the  number  of  c.c.  used  (less  one  halt 
of  a  c.o.  for  each  50  c.c.  of  urine)  when  multiplied  with  this  faotor  will  give  the 
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amouDt  of  uric  acid  in  the  urine  eiuuiued.  The  li&If  c.c.  i«  deducted  bec&uae 
it  Ukes  Ihat  amount  of  nKer  to  give  the  ootour  iritb  60  c.c.  of  plain  nater. 

Ab  mod  m  the  proce^a  is  complete  the  precipitate  settlea  Iraelj,  snd  it  is 
advisable  to  tett  a  drop  of  the  clear  solution  aeaiu.  The  ending  can  alto 
be  checked  by  adding  a  drop  of  the  silver  to  tiie  clear  supernatant  liquid 
to  Bee  whether  a  cloudluew  appears. 

There  beiug  no  eiceas  of  silver  io  the  hot  liquid  at  anj  time  there  can  be  no 
reduction  of  the  silver.  If  after  the  Ittratiou  is  complete  the  mixture  be  allowed 
to  cool  to  ordiuar^  temperature  it  will  be  found  tlial  1  to  3  c.c.  more  silver  ivill 
be  required  to  give  the  colour  test,  and  this  Bartlej  attributes  to  (he  pre- 
cipitation of  lanthin  bases  by  the  silver  in  a  cold  solution,  and  which  does  not 
take  pkice  when  heated. 

J.  W.  Tunnicliffe  and  U.  Koaenheim  {Ceniralbl  Phygiol. 
1897,  xi.  434)  publish  one  of  tlie  most  recent  methoila,  and  which, 
may  he  rapidly  performed  when  onco  the  uric  acid  is  obtained  as 
ammonium  salt  by  Hopkins'  process.  Tlie  crystals  obtained  by 
decomposing  tiie  urate  with  HCl,  are  waslicd  free  from  the  latter  on  a 
small  filter  with  repeated  small  proportious  of  water  to  remove  all 
HCl,  the  uric  acid  ia  then  rinsed  into  a  flask  with  20  or  30  c.c.  of  hot 
water,  through  a  hole  made  in  the  filter,  and  is  ready  for  titration. 

Mbthod  op  Pbocedcbb  :  This  depends  on  the  fact  that  piperidine  oombines 
vithurio  acid  in  molecular  proportious  (4'26  gm.of  base  equal  S'lgm.  of  acid)  to 
form  a  soluble  salt.  A  ^laa  solution  of  tbe  former  is  prepared  by  dissolviug 
about  4'2  gm,  of  piperidine  in  1  liter  of  water,  standardizing  it  on  hjdroohlorio 
aoid  of  eqviivalent  strength,  pheuolphthaleiu  being  used  u  indicator.  The 
Bsmple  of  uric  acid  separated  from  ammonium  urate  as  above  described  is 
suspended  in  water,  heated  nearly  to  tbe  boiling-point,  and  the  reagent  run 
in;  neutralitj  being  shonu  either  by  the  liquid  becoming  clear  or  by  tbe  use 
of  phenolphthalein  as  before.  Although  the  solubility  of  the  urate  at  16°  is 
5'3  per  cent.,  it  is  better  te  employ  hot  solutions;  and  there  is  no  danger 
of  losing  any  piperidine  by  volatilization,  a»  the  reaction  is  instantaneous. 

Dr.  Edmunds  sends  iiie  the  foUowiii}:!  remarks  as  to  the  estimation 
of  uric  acid. 

1.  Chemioal  uric  acid  diSers  entirely  in  its  habitudes  from  urinary  uric  aoid. 
Its  crystalliDe  form  is  always  uniform  as  chemical  urio  acid — colourless — and 
quite  differentfromurinaryuricacid,  which,  as  got  from  urine,  is  always  coloured 
yellow-brown,  and  is  protean  in  ita  crystalline  formr. 

2.  The  problem  of  titrating  chemical  uric  acid— or  pure  urin  acid — ia  not 
quite  the  same  as  that  of  titraljng  the  uric  acid  in  urine.  I  am  not  yet  able 
id  nay  in  what  tbe  difference  consists,  and  I  have  often  crystalliEed  pure  urio 
acid  out  of  iron  and  other  golulions,  but  have  never  been  able  to  colour  urio 
acid,  nor  to  get  it  to  crystallize  again  like  urinary  uiic  acid.  The  only  way 
in  which  I  have  succeeded  is  to  add  an  alkaline  solution  of  chemical  urate  of 

Ktash  to  a  urine  out  of  which  I  had  precipitated  all  its  uric  acid  with  HCl. 
that  way  I  found  that  the  urio  acid  took  up  from  the  urina  something  which 
gave  it  the  colouration  and  the  proteau  crystalline  form  of  urinary  urio  acid. 
I  have  thought  that  urinary  urio  acid  is  really  a  combination  of  chemical  uric 
acid  with  some  animal  base  or  colourant  of  urine. 

3.  To  purify  urinary  uric  acid  it  should  be  dissolved  (and  thrown  out  by 
dilutiou)  in  H;SO(  three  siiccesiiive  times.  In  titrating  this  with  permanganate 
I  am  not  prepared  to  give  you  the  reaction,  but  the  practical  point  is  that, 
m  tbe  permaueanate  goes  in  by  drops,  it  is  instantly  decolourized  as  long  as 
there  is  any  uric  acid  present,  and  the  eud-point  ia  marked  quite  distinctly  (if 
you  are  on  the  look  out  for  it)  by  a  certain  hang  or  hesitation  in  the  decolouriia- 
tion  of  the  permungiinale. 

A.     Fokker's  process,  as  modified  by  Hopkins,  is,  I  thiuk,  the  best.     The 
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-satuntioD  with  pxrt  NH,CI  of  an  acid  urine  (which  shouM  be  freshly  p&esed 
>  ...      .    ,         >  ..  ..  .1        .^  ^p^  ^  ammonium  urate.    Thisu 

But  much  of  the  work 
I  have  beeu  worked  out  on  the  ohemical 
■3  the  natunu  uric  acid,  freshlj  obtained  from  arine.  Wbftt  we 
have  to  deal  with  in  medicine  is  (hat  coloured  protean  cryrtailine  suhstance 
whioh  cornea  out  conBlsntlj  from  urines  on  adding  pure  strong  HCl  aod 
setting  aside  for  fortj-eight  hours.  That  in  what  we  get  in  the  uric  acid 
-diatheeis,  in  gout,  and  in  calculi. 

For  the  estimation  of  uric  acid  I  let  aside  100  c.c.  of  fresh  urine,  filtered  at 
about  \2ff  P.,  and  aciditj  it  with  5%  of  pure  strong  hydrochloric  acid.  At  the 
end  of  fortj-eight  houn>  a  deposit  of  uric  acid  will  be  seen  at  the  bottom  of 
the  tube,  and  from  this  &  very  good  idea  is  gHioed  of  the  uric  acid  in  the 
urine.  If  closer  quantific&tion  be  wanted,  the  uric  acid  is  ooilected  on  a 
small  fine  fl11«r  paper,  washed  with  a  few  centimeters  of  ioe-oold  distilled  wat«r, 
then  dried  and  weighed,  with  deduction  for  the  filter  paper,  and  with  addition 
for  the  uric  acid  dissolred  in  the  105  c.c.  of  acid  urinary  mother-liquor.  The 
amount  of  urio  acid  contained  in  the  106  c.c.  of  liquid  would  depend  upon  the 
temperature  before  and  at  the  time  of  filtration.  At  8S°  F.  it  would  contun 
only  some  E  ra  gm..  at  68°  F.  it  would  contain  6  m.gm.,  at  212'  F.  it  would 
■contain  63-5  m.gm, 

8.    EBtimation  of  Lime  and  Hagnesla. 

Method  of  Pboceditbe  :  100  c.c.  of  the  urine  are  precipitated  with 
ammonia,  the  precipitate  re-distsolrcd  in  acetic  acid,  and  suffidont  ammonium 
-oxalate  added  to  precipitate  all  the  lime  present  at  oialato.  The  precipitate  is 
allowed  to  settle  in  a  warm  place,  then  the  clear  liquid  passed  through  a  small 
filter,  the  precipitate  brought  upon  it,  washed  with  hot  water,  the  filtrato  and 
washings  set  adde,  then  the  precipitate,  together  with  the  flltor,  pushed  through 
the  funnel  into  a  fiask,  some  sulphuric  acid  added,  the  liquid  freely  diluted,  and 
titrated  with  permanganate,  precisely  a^  in  §  62 ;  each  c.c,  of  ^/lo  permanganate 
required  represents  O'OOSS  gm,  of  OiO. 

Or  the  following  method  may  Iw  adopted  :— 

The  precipitate  ot  calcium  oxalate,  aftor  being  washed,  is  dried,  and  together 
with  the  filter,  ignited  in  a  platinum  or  porcelain  crucible,  by  which  means  it 
is  ooQTerted  into  a  mixture  of  calcium  oiide  and  carbonate.  It  is  then  transferred 
to  a  fiask  by  the  aid  of  the  waahing-bottte,  and  an  eioees  of  ^/lo  nitric  acid 
■deliTered  in  with  a  pipette.  The  amount  of  acid,  over  and  above  what  is 
rec[uired  to  aaturato  the  lime,  is  found  by  '^/lo  caustic  alkali,  each  c.c.  of  acid 
being  equal  to  0  0028  gm,  of  CaO, 

In  examiaing  urinary  sediment  or  calculi  for  calcium  oxalate,  it  is 
£rst  treated  with  caustic  potash  to  remove  uric  acid  and  d^aoic 
matter,  then  dissolved  in  sulphuric  acid,  freely  diluted,  and  titrated 
with  permanganate ;  each  c.c.  of  ^jio  solution  represents  0-0054  gm. 
of  calcium  oxalate. 

Hagnesia. — The  filtrate  and  washings  from  the  precipitate  of 
calcium  oxalate  are  evaporated  on  the  wate^bath  to  a  small  bulb,  then 
made  alkaline  with  ammonia,  sodium  phosphate  addei:!,  and  set  aside 
for  8  or  10  hours  in  a  cool  place,  that  the  maguesia  may  separat*  as 
ammonio-ruagnesium  phosplite.  The  supernatant  liquid  is  then 
passed  through  a  small  filter,  the  precipitate  brought  upon  it,  washed 
with  ammoniacal  water  in  the  cold,  and  dissolved  in  acetic  acid,  then 
titiatedj  with  uranium  solution,  as  in  §  73  ;  each  c.c.  of  solution 
required  represents  0'003815  gnu  of  magnesia. 
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The  niethoil  hitherto  applied  to  the  determination  of  free  ammonia 
and  its  salle  in  urine  is  that  of  Schlbaing,  which  consists  in  placing 
a  measured  quantity  of  the  urine,  to  which  milk  of  lime  is  previously 
added,  under  an  air-tight  bell-glass,  together  with  an  open  vessel 
containing  a  measured  quantity  of  titrated  acid.  In  the  course  of 
from  24  to  36  hours  all  the  ammonia  will  have  passed  out  of  the 
urine  into  the  acid,  which  is  then  titrated  with  standard  alkali  to  find 
the  amount  of  ammonia  absorbed. 

One  great  objection  to  this  method  is  the  length  of  time  required, 
since  no  heating  must  be  allowed,  urea  being  decomposed  into  free 
ammonia  when  heated  with  alkali.  There  is  also  the  uncertainty  aa 
to  the  completion  of  the  process ;  and  if  the  vessel  be  opened  before 
the  absorption  is  [lerfect,  the  analysis  is  spoiled. 

Another  method  which  gives  good  results,  and  occupies  only  a  short 
time,  has  been  devised  by  C.  Wurster  {CentTolMatl. /.  PkysMogie, 
Dec  1887).  The  apparatus  necessary  for  it  is  shown  in  Fig.  59. 
The  principle  of  the  method  is  the  same  as  Schlosing's,  but  the 
libomtion  of  ammonia  is  hastened  by  increase  of  temperature  under 
reduced  atmospheric  pressure. 

As  is  well-known,  urea  is  decomposed  when  urine  isboUed  with 
caustic  alkali  or  alkaline  earth  into  ammonium  carbonate,  but  if  the 
operation  is  carried  on  at  50°  C.  and  in  a  partial  vacuum,  practically 


no  such  decomiJOBition  occiirs.  In  fact  an  artificial  solution  of  urea 
gives  off  no  ammonia,  even  when  evaporated  to  near  dryness  with 
barium,  calcium,  or  magnesium  hydrate,  in  a  vaciuim  at  50°  C. 
Owing  to  the  production  of  much  froth  when  urine  is  heated  with 
baryta  or  lime  in  reduced  pressure,  one  ftask  for  distillation  is  not 
enough,  although  it  may  be  reduced  to  some  extent  bj  adding  some 
high-boiling  hydro-carbon  such  as  paraffin  or  toluol ;  but  a  much  safer 
plan  is  to  use  two  flasks  as  shown  in  the  figure,  or  in  using  only  a 
small  quantity  of  urine  two  good-sized  boiling  tulx's  ivill  suffice.     The 
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boiling-flaak  dips  a  small  way  into  the  water  and  tlie  seooud  flask 
rests  on  the  bottom  of  the  Irath ;  the  tube  with  stop-cock  or  burette 
clip,  which  simply  enters  below  the  rubber  stopper  in  this  flask, 
allows  air  to  enter  when  the  ojicration  is  ended  so  as  to  clear  out 
every  trace  of  ammonia.  The  absorption  tube  containing  standard 
acid  must  be  rather  long  in  the  side  tubes,  and  the  whole  must  be 
immersed  in  a  beakei  of  cold  water.  The  delivery  end  of  this  tube  is 
connected  with  an  efficient  water  pump,  and  of  course  all  connections 
must  be  perfectly  tight. 

Method  or  Procedure  :  10  to  20  c.c  of  the  urine  with  10  lo  20  c.c.  of 
full  stren^h  barium  hjdrate  or  lime  eolution,  with  a  littlo  water,  ure  pltuied 
in  the  distilling  flask,  and  the  water-bath  Kntdual);  heated  ap  to  50°  C,  and 
the  whole  appamtuB  is  covered  with  a  cloth  to  avoid  regurgitation  from  cold 
air.  When  two-tbirda  of  the  distilling  liq^uid  bae  passed  over  the  ammonia 
nlll  have  been  all  absorbed  by  the  standard  acid,  and  the  valve  or  stop-CDclc 
may  be  opened  while  Ibe  pump  is  still  working  so  aa  to  clear  away  the  last 
traces  of  vapour. 

The  method  can  be  used  for  other  liquids  than  urine. 

The  following  method  ia  available  in  soine  cases  ; — 
When  a  solution  containing  salts  of  ammonia  is  mixed  with  a 
measured  quantity  of  free  flxed  alkaii  of  known  strength,  an<t  boiled 
until  ammoniacal  gas  ceases  to  be  evolved,  it  is  found  that  the 
resulting  liquid  has  lost  so  much  of  the  free  alkali  as  corresponds  to 
the  ammonia  evolved  (§  19) ;  that  is  to  say,  the  acid  which  existed  in 
combination  with  the  ammonia  in  the  original  liquid  has  simply 
changed  places,  taking  so  much  of  the  fixed  alkali  (potash  or  soda]  as 
is  equivalent  to  the  ammonia  it  has  left  to  go  free.  In  the  case  of 
urine  being  treated  in  this  way,  the  urea  will  also  he  decomposed  into 
free  ammoniEt,  but  happily  in  such  a  way  as  not  to  interfere  with  the 
estimation  of  the  original  amount  of  ammoniacal  salts.  The  decom- 
position is  such  that,  while  free  ammonia  is  evolved  from  the  splitting 
up  of  the  urea,  carbonate  of  fixed  alkali  (say  potash)  is  formed  in  the 
boiling  liquid,  and  as  this  reacts  equally  as  alkaline  as  though  it  were 
free  potash,  it  does  not  interfere  iti  the  alighteat  degree  with  the 
estimation  of  the  original  ammonia. 

HsTHOn  OF  Pbocbddse  :  100  c  0.  of  the  urine  are  exactly  neutralised  with 
"/lO  soda  or  polsgb,  as  for  the  estimation  of  free  tcid;  it  ia  then  put  into  a  flask 
capable  of  boldinfir  ^^e  or  six  timw  the  quantity ;  10  c.c.  of  normal  alkali  added, 
and  tbe  whole  brought  \o  boiUng,  taltiog  care  tbat  the  bladders  of  froth  which 
at  first  form  do  not  boil  over.  After  a  Few  minutes  tbeae  Rubside,  and  the 
boiling  prooeeds  quietly.  When  all  ammoniacal  fumes  are  dissipal«d,  tbe 
lamp  is  removed,  and  the  flask  alloned  to  cool  slightly ;  tbe  contents  then 
emptied  into  a  beaker,  and  normal  nitric  acid  delivered  in  from  the  burette 
with  constant  stirring,  until  a  fine  glass  rod  or  aoiiU  feather  dipped  in  the 
mixture  and  brought  in  contact  with  violet-coloured  litmus  paper  produoea 
neither  a  blue  nor  a  red  spot.  The  number  of  c.c.  of  normal  acid  are  deducted 
from  the  10  c.c.  of  alkali,  and  the  rest  calculated  as  ammonia.  1  c.c.  of 
alkali— 0-017  gm.  of  ammonia. 

It  must  he  borne  in  mind,  that  tbe  plan  just  described  is  not  applicable  to 
urine  which  has  always  suffer^  decomposition  by  Ag«  or  other  ciroumstAOces  so 
OS  ia  contain  ammonium  carbonate ;  in  this  ease  it  would  be  preferable  to  adopt 
theWursteror  SchlSsingmethod. 
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11,  Estlmatdon  of  Free  Aoid. 
The  acidity  of  urine  is  doubtlees  owing  to  variable  aubetonceB, 
among  the  most  prominent  of  which  apt^ear  to  be  acid  sodium  phos- 
phate and  lactic  acid.  Other  free  organic  acids  are  probably  in  many 
cases  present.  Under  these  circumstances,  the  degree  of  acidity 
cannot  be  placed  to  the  account  of  any  particular  body ;  nevertheless, 
it  is  frequently  desirahlfi  to  ascertain  its  amount,  which  is  best  done 
as  follows : — 

lOO  CO.  of  urine  are  measured  into  a  beaker,  and  ^/eo  alkali  daliTBred  iu  from 
a  Bmall  burette,  until  a  thin  glaga  rod  or  feather,  moiiitened  with  the  mixture 
Mid  streaked  across  eome  well-prepared  violet  litmus  paper,  produoea  no  ohauge 
of  colour ;  the  det^ree  of  acidit;  is  then  registered  an  being  equal  lo  the  qiumtaty 
of  alkali  used. 

The  method  of  Gautier  gives  accurate  reaulta  in  which  the  urine 
is  made  alkaline  by  standard  caustic  soda  in  known  quantity,  and  the 
phosphates  and  other  salts  precipitated  by  neutral  liarium  chloride. 
The  liquid  is  made  up  to  a  definite  volume  with  distilled  water,  and 
when  settled  an  aliquot  portion  is  titrated  ivith  slAiidard  acid  and 
phenolphthalein. 

13.    Estimation  of  Albumen. 

The  accurate  estimation  of  this  substance  is  difficult  and  trouble- 
some.    The  \>eat  process  is  perhaps  that  recommended  by  Mihu. 

Method  of  Pboceourb:  IDO  c.c.  of  the  uiiue  are  slig-htly  acidified  with 
acetic  acid,  2  c.c.  ot  strong  nitrio  acid  are  added  aud  the  mixture  thoroughly 
agitated.  10  c.c.  of  a  mixture  ot  solid  carbolic  acid  I  part,  aoetic  aoid  1  part^ 
and  alcohol  2  parts  are  then  added,  and  the  whole  well  stirred  for  a  few  minutes. 
The  precipitate  is  collected  on  a  small  filter  and  washed  with  a  cold  aqueous 
solution  of  4  per  cent,  of  carbolic  scid,wheu  fully  washed  the  (liter  ii  dried,  and 
together  with  the  piper  tiie  precipitate  is  treated  by  the  Kjeldahl  process,  and 
the  nitrogcni  obtomed  is  multiplied  by  6'8  for  albumen.  The  preseuce  of  sugar 
or  much  miueral  salte  do  not  affect  the  accuracy  ot  results. 

[13.    Eatlmation  of  Soda  and  Potaab. 

60  c.c.  ot  urine  ore  miied  nith  the  same  quaoti^  ot  baryta  solution  (see 
§  96.3),  allowed  to  stand  a  short  time,  and  filtered;  then  80  c.o.  f=40  o.c. 
urine)  measured  into  a  platinum  dish  and  evaponted  to  dryness  io  toe  water- 
bath  ;  tbe  rofidue  is  then  ignited  to  destroy  all  oi^anic  matter,  and  when 
cold  dissolved  in  a  small  quantity  of  hot  water,  ammonium  carbonate  added  so 
long  as  a  preoipibite  oocnua,  filtered  through  a  small  filter,  the  precipitate 
waahed,  the  filtrate  acidifled  with  hjdroohlorio  acid  and  evaporated  te  dryneaa, 
then  cautiously  heated  to  expel  all  animoniacal  salts.  The  residue  is  then 
treated  with  a  httle  water  and  a  few  drops  each  of  ammonia  and  a: 


By  this  means  the  total  amount  of  mixed  sodium  and  potassium 
chlorides  is  obtained.  The  proportion  of  each  is  found  by  titrating 
for  the  chlorine  as  in  §  41,  and  calculating  as  directed  on  p^e  14^ 
fir  the  soda  may  be  estimated  direct  by  Fenton's  method  (§  17.9). 


;,  V^nO 


lO^ie 


§  96,  WATER  AND   SEWAGE  AKALYSI8.  417 

14.    Eatimation  of  Total  Kitrogen. 

This  can   now  be   easily   accomplislied    by  Kjeldahl's    method 

^  19.6)  and  is  especially  serviceable,  since  it  has  been  found  that  the 
results  of  the  titration  method  for  urea  by  Liebig's  process,  either  in 
its  original  way  or  by  subsequent  modifications,  cannot  give  the  tnie 
data  for  calculating  the  total  nitrogen  in  any  given  specimen  of  urine. 

Method  of  Pbocbudbe  :  5  o.c,  of  urine  of  avera^  coaoentratisn  are 
measured  into  a  Sask  holding  about  300  c.c,  toi^ther  wi^  10  c.c.  of  sulphuric 
acid,  then  gradually  heated  to  boiling,  and  Ui«  heat  continued  until  all  vapour 
and  gases  are  ^ven  off  and  the  Buid  posseeees  a  clear  yellon  tint.  26  to  30 
minutea  geoerally  sufhces  unless  sugar  is  present  in  tolerable  quaatitj,  in 
which  case  mercuric  oxide  and  potisstum  sulphate  must  be  used,  and  perhaps 
more  sulphuric  acid.  The  Bosk  is  then  suffered  to  cool,  the  liquid  diluted,  and 
distilled  with  caustic  soda  and  zinc  as  deicribeU  in  S  19.6. 

ANAIiTBIS    OF  KATtTBAL  WATEBB   AND 
BWWA.aS. 

§  96.  The  analysis  of  natural  waters  and  sewage  has  for  a  long 
period  received  the  attention  of  chemists,  but  until  the  last  few  years 
no  methods  of  examination  have  been  produced  wliich  could  be  said 
to  satisfy  the  demands  of  those  who  have  been  interested  in  the 
subject  from  various  points  of  view.  The  researches  of  Frankland 
and  Armstrong,  Miller,  Wanklyn,  Tidy,  Crookes,  Dewar,  and 
others,  liave,  however,  now  brought  the  whole  subject  into  a  more 
satisfactory  form,  so  that  it  may  fairly  be  said  that,  as  regards 
accuracy  of  chemical  processes,  or  interpretation  of  results  from 
a  chemical  and  sanitary  point  of  view,  very  little  addition  is  required. 
Considerable  space  will  be  devoted  to  the  matter  here ;  and  as  most 
of  the  processes  are  now  volumetric,  and  admit  of  ready  and  accurate 
results,  the  general  suhject  naturally  falls  within  the  scope  of  this 
work.  Care  has  been  taken  to  render  the  treatment  of  the  matter 
practical  and  trustworthy. 

The  bacteriological  examination  of  waters  has  now  been  loi^ely 
developed  and  undoubtedly  is  of  the  greatest  importance,  especially 
with  the  filtered  waters  derived  from  rivers,  lakes,  and  other  sources 
liable  to  be  contaminated  with  unoxidized  surface  or  drainf^e 
impurities.  This  book  has,  however,  nothing  to  describe  but  chemical 
methods,  and  therefore  no  further  mention  of  bacterial  investigation 
will  be  made. 

The  following  processes  mainly  originated  hy  Frankland  and 
Armstrong  necessitate  the  use  of  special  materials  and  apparatus: 
the  preparation  and  arrangement  of  Uiese  will  be  described  at  some 
length  previous  to  the  introduction  of  the  general  subject. 

THE  FBEFABATION   OF  BEAaEirTS. 

A.    fieagents  required  for  the  Estimation  of  Nitrogen 

present  as  Ammonia. 

(a)  Nessler's  Solution. — Dissolve  62'5  gm.  of  potassium  iodide 
in  about  350  c.c.  of  distilled  water,  set  aside  a  few  c.c.,  and  add 
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gradually  to  the  larger  part  a  cold  saturated  solution  of  mercuric 
chloride  until  the  mercuric  iodide  precipitated  ceases  to  be  rediasolvod 
Oil  Btirring.  When  a  permanent  precipitate  ia  obtained,  restore  the 
reserved  potassium  iodide  so  as  to  ledissolve  it,  and  continue  adding 
mercuric  chloride  very  gradually  until  a  slight  precipitate  remains 
undissolved.  (The  small  quantity  of  potassium  iodide  is  set  aside 
merely  to  enable  the  mixture  to  be  made  rapidly  without  danger  of 
adding  an  excess  of  mercury,) 

Next  dissolve  1 50  gm.  of  solid  potassium  hydrate  (that  usually  sold 
in  sticks  or  cakes)  in  150  c.c.  of  distilled  water,  allow  the  solution  to 
cool,  add  it  gradually  to  the  above  soltition,  and  make  up  with  distilled 
water  to  one  htor. 

On  standing,  a  brown  precipitate  is  deposited,  and  the  solution 
becomes  clear,  and  of  a  pale  greenish-yellow  colour.  It  is  ready  for 
use  as  soon  as  it  is  perfectly  clear,  and  should  be  decanted  into 
a  smaller  bottle  as  required. 

{0)  Standard  solution  of  ammonium  chloride. — Dissolve  1  '9107  gm. 
of  pure  dry  ammonium  cliloride  in  a  liter  of  distilled  water ;  of  this 
take  100  c.c,  and  make  up  to  a  liter  with  distilled  water.  The  latter 
solution  will  contain  ammonia  corresponding  to  0'00005  gm.  of  nitrogen 
in  each  c.c.  In  use  it  should  be  measured  from  a  narrow  burette 
of  10  c.c.  capacity  divided  into  tenths. 

[If  it  is  desired  to  eetimste  "ammonia"  ntlier  than  "nilrogait  a*  ammonia" 
take  1'5T35  giD.  of  unmouium  chloride  iueteiul  of  I'SIQ?  gm. ;  1  c.c.  will  then 
oorrearond  to  OO0O05  gm.  of  ammonia  (NHj).] 

(y)  Sodium  carbonate. — Heat  anhydrous  sodium  carbonate  to 
redness  in  a  platinum  crucible  for  about  an  hour,  taking  care  not  to 
fuse  it.  While  still  warm  rub  it  in  a  clean  mortar  so  as  to  break  any 
lumps  which  may  have  been  formed,  and  tiansfer  to  a  clean  dry  wide-  , 
mouthed  stoppered  bottle. 

(S)  Water  free  from  Ammonia. — If,  when  1  c.c  of  Nessler's 
solution  (A.  a)  is  added  to  100  cc  of  distilled  water  in  a  glass 
cylinder,  standing  on  a  wliite  surface  (see  Estimation  of  Ammonia), 
no  trace  of  a  yellow  tint  is  visible  after  five  minutes,  the  water  is 
sufficiently  pure  for  use.  As,  however,  this  b  rarely  the  ease,  the 
following  process  must  usually  be  adopted.  Distil  from  a  large  glass 
retort  (or  better,  from  a  copper  or  tin  vessel  holding  15 — 20  liters) 
ordinary  distilled  water  which  has  been  rendered  distinctly  alkaline 
by  addition  of  sodium  carbonate.  A  glass  Liebig's  condenser  or 
a  clean  tin  worm  should  be  used  to  condense  the  vapour ;  it  should 
be  connected  to  the  still  by  a  short  india-rubber  joint.  Test  the 
distillate  from  time  to  time  with  Nessler's  solution,  as  above 
described,  and  when  free  from  ammonia  collect  the  remainder  for  use. 
The  distillation  must  not  be  carried  to  dryness.  Ordinary  water  may 
be  used  instead  of  distilled  water,  but  it  occasionally  continues  tor 
some  time  to  give  off  ti-aces  of  ammonia  by  the  slow  decomposition  of 
the  organic  -matter  present  in  it. 

J.  Barnes  {J.  S.  C.  I.  1896,  xv.  254-255)  has  pointed  out  that 
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dietiUed  water  can  be  completely  freed  from  ammonia  by  addiug 
a  little  bromine  and  boiling  for  a  few  minutes.  More  rapid  is  the 
action  of  alkaline  hypobromite  in  the  cold.  Enough  bromine  is  added 
to  the  water  to  give  it  a  perceptible  tint,  and  then  a  drop  of  sodium 
hydroxide  solution;  after  ten  minutes,  a  little  potassium  iodide  is 
added  to  remove  the  undecomposed  hypobromite,  and  the  water  is 
then  fit  for  use  in  the  estimation  of  ammonia  by  Xessler's  test. 


B.    Beagenta  required  for  the  Estiination  of  Organio 
Carbon  and  Nitrogen. 

(o)  Water  free  from  Ammonia  and  Oi^nic  Matter. — Distilled 
water  to  which  1  gm.  of  potassium  hydrate  and  0'2  gm.  of  potassium 
permanganate  per  liter  have  been  added,  is  boiled  gently  for  about 
twenty-four  houre  in  a  similar  vessel  to  that  used  in  preparing  water 
free  from  ammonia  (A.  S),  an  inverted  condenser  being  so  arranged  as 
to  return  the  condensed  water.  At  the  end  of  that  time  the  condenser 
is  adjusted  in  the  usual  way,  and  the  water  carefidly  distilled,  the 
distillate  being  tested  at  intervals  for  ammonia,  as  in  preparing  A.  S. 
When  ammonia  is  no  longer  found  the  remainder  of  the  distillate 
may  be  collected,  taking  care  to  stop  short  of  dryness.  The  neck  of 
the  retort  or  still  should  point  slightly  upwards,  so  that  the  joint 
which  connects  it  with  the  condenser  is  the  highest  point.  Any 
particles  carried  up  mechanically  will  then  run  back  to  the  still,  and 
not  contaminate  the  distillate.  The  water  thus  obtained  should  then 
be  rendered  slightly  acid  with  sulphuric  acid,  and  re-distilled  from 
a  clean  vessel  for  use,  again  stopping  short  of  dryness. 

(|3)  Solution  of  sulphurous  acid.— Sulphurous  anhydride  is  pre- 
pared by  the  action  of  pure  sulphuric  acid  upon  cuttings  of  clean 
metallic  copper  which  have  been  digested  in  the  cold  with  concentrated 
sulphuric  acid  for  twenty-four  hours,  and  then  washed  with  water. 
The  gas  is  made  to  bubble  through  water  to  remove  mechanical 
impurities,  and  then  conducted  into  water  free  from  ammonia  and 
organic  matter  (B.  a)  until  a  saturated  solution  is  obtained. 

(y)  Solution  of  hydric  sodium  sulphite. — Sulphurous  anhydride, 
prepared  and  washed  as  above,  is  passed  into  a  solution  of  sodium 
carbonate  made  by  dissolving  ignited  sodium  carbonato  (A.  X)  in 
water  free  from  ammonia  and  oi^anic  matter  (B.  a).  The  gas  is 
passed  until  carbonic  anhydride  ceases  to  be  evolved. 

(J)  Solution  of  ferrous  chloride.— Pure  crystallized  ferrous  sulphate 
ia  dissolved  in  water,  precipitated  by  sodium  hydrate,  the  precipitate 
well  washed  (using  pure  water  B.  a  for  the  last  washings)  and 
dissolved  iji  the  smallest  possible  quantity  of  pure  hydrochloric  acid. 
Two  or  three  drops  must  not  contain  an  appreciable  quantity  of 
ammonia.  It  is  convenient  to  keep  the  solution  in  a  bottle  with 
a  ground  glass  cap  instead  of  a  stopper,  so  that  a  smaU  dropping  tube 
may  be  kept  in  it  always  ready  for  use. 

(*)  Cupric  oxide, — Prepared  by  heating  to  redness  with  free 
access  of  air,  on  the  hearth  of  a  reverberatory  furnace,  or  in  a  muffle, 


vv^ioo^lc 


420  VOLUMETRIC  ANALYSIS.  g  96. 

copper  wire  cut  into  short  pieces,  or  copper  sheets  cut  into  strips. 
That  which  lias  been  maJe  by  calcining  the  nitrate  cannot  be  used,  aa 
it  appears  to  be  impo'uiible  to  expel  the  last  traces  of  nitrogen.  After 
use,  the  oxide  should  be  extracted  hy  breaking  the  combustion  tube, 
rejecting  the  portion  which  was  mixed  with  the  substance  examineil. 
As  soon  as  a  sufficient  quantity  has  been  recovered,  it  should  be 
recalcined.  This  is  most  conveniently  done  in  an  iron  tube  about 
30  lu.m.  in  internal  diameter,  an<l  alxiut  the  same  length  as  the 
combustion  furnace.  One  end  should  be  closed  with  a  cork,  the 
cupric  oxide  poured  in,  the  tube  jjlaced  in  the  combustion  furnace 
(which  is  tilted  at  an  angle  of  about  15°,  so  as  to  produce  a  current  of 
air),  the  cork  removed,  and  the  tube  kept  at  a  red  heat  for  about  two 
hours.  In  a  Hofmann's  gas  furnace,  with  five  rows  of  burners,  two 
such  tubes  may  be  heated  at  the  same  time  if  long  clay  burners  are 
placed  in  the  outer  rows,  and  short  ones  in  the  three  inner  rows.  If 
the  furnace  has  but  three  rows  of  burners,  a  rather  smaller  iron  tube 
must  be  used.  When  cold,  the  oxide  can  easily  lie  extracted,  if  the 
heat  has  not  been  excessive,  by  means  of  a  stout  iron  wire,  and  should 
be  kept  in  a  clean  dry  stoppered  bottle.  Each  parcel  tlius  calcined 
should  invariably  be  assayed  by  filling  with  it  a  combustion  tube  of 
the  iisual  size,  and  treating  it  in  every  respect  as  an  ordinary  com- 
bustion. It  should  yield  only  a  very  minute  bubble  of  gas,  which 
should  be  almost  wholly  absorbed  by  potassium  hydrate.  (The 
quantity  of  COj  found  should  not  correspond  to  more  than  0-00005  gm. 
of  C,  otherwise  the  oxide  must  be  recalcined).  The  finer  portions  of 
the  oxide  should,  after  calcining,  be  sifted  out  by  means  of  a  sieve  of 
clean  copper  gauze,  and  reserved  for  use  as  d&scribed  hereafter. 

Sew  cupric  oxide  as  obtained  from  the  reverbetatory  furnace  should 
be  assayed,  and  if  not  sufficiently  pure,  as  is  most  likely  the  case, 
calcined  aa  above  described,  and  assayed  again. 

(f)  Metallic  copjier.- — Fine  copper  gauze  is  cut  into  strips  about 
80  m.m.  wide,  and  rolled  up  as  tightly  as  possible  on  a  copper  wire  so 
as  to  form  a  compact  cylinder  80  m.m,  loi^.  This  is  next  covered 
with  a  tight  case  of  moderately  thin  sheet  copper,  the  edges  of  which 
meet  without  overlapping.  The  length  of  tlie  strip  of  gauze,  and  the 
consequent  diameter  of  the  cylinder,  must  be  regulateil  so  that  it  will 
fit  easily,  but  not  too  loosely  in  the  combustion  tubes.  A  sufficient 
number  of  these  cylinders  being  prepared,  a  piece  of  combustion  tube 
is  filled  with  them,  and  they  are  heateil  to  redness  in  the  furnace,  a 
current  of  atmospheric  air  being  jmssed  through  them  for  a  few 
minutes  in  order  to  burn  off  organic  impurity,  and  coat  the  copper 
gauze  superficially  with  oxide.  A  current  of  hydrogen,  dried  by 
passing  through  strong  sulphuric  acid,  is  then  substituted  for  the  air, 
and  a  red  heat  maintained  until  hydrogen  issues  freely  from  the  end 
of  the  tube.  It  is  then  allowed  to  cool,  the  current  of  hydrogen  being 
continued,  and  when  cold  the  copiier  cylinders  are  removed,  and  kapt 
in  a  stop|)ered  bottle.  After  being  used  several  times  they  must  be 
heatcil  in  a  atn'am  of  liydrnjtcn  as  before,  and  arc  then  again  ready  for 
use.     The  heating  in  air  need  not  be  rejieated. 
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(ij)  Solution  of  potassium  bichromate. — This  is  used  as  a  test  for 
aud  to  absorb  sulphurous  anhydride  which  may  be  present  in  the  gas 
obtained  by  combustion  of  the  water  residue.  It  should  be  aatumted, 
and  does  not  require  any  special  attention.  Tlie  yellow  neutral 
chromate  may  also  be  used,  but  must  be  rendered  slightly  acid,  lest  it 
should  absorb  carbonic  as  well  as  sulphvu'ous  anhydride. 

(6)  Solution  of  potassium  hydrate. ^A  cold  saturated  solution, 
made  by  dissolving  solid  potassium  hydrate  in  distUled  water. 

(i)  Solution  of  pyrogallic  acid. — A  cold  saturated  solution,  made 
by  dissolving  in  distilled  water,  solid  pyrc^llic  acid  obtained  by 
sublimation. 

(k)  Solution  of  cuprous  chloride. — A  saturated  solution  of  cupric 
chloride  is  rendered  strongly  acid  with  hydrochloric  acid,  a  quantity 
of  metallic  copper  introduced  in  the  form  of  wire  or  turnings,  and  the 
whole  allowed  to  stand  in  a  closely  stopi^ered  bottle  tmtil  the  solutioa 
becomes  colourless. 

(X)  Oxygen. — Blow  a  bulb  of  about  30  e.c.  eaimcity  at  the  end  of 
a  piece  of  combustion  tube,  and  draw  out  the  tube  so  that  its  internal 
diameter  for  a  length  of  about  30  m.m.  is  about  3  m.m.  This  is  done 
in  order  that  the  capacity  of  the  apparatus  apart  from  the  bulb  may 
l>e  as  small  as  possible.  Cut  the  tube  at  the  wide  i>att  about  10  n>.m. 
from  the  point  at  which  the  narrow  tube  commences,  thus  leaving  a 
small  funnel-ahai>ed  mouth.  Then  introduce,  a  little  at  a  time,  dried, 
coarsely  powdered,  potassium  chlorate  until  the  bulb  is  full.  Cut  off 
the  funnel,  and,  at  a  distance  of  100  m.m.  from  the  bulb,  bend 
the  tube  at  an  angle  of  45°,  and  at  10  m.m.  from  the  end  bend 
it  at  right-angles  in  the  opposite  direction.  It  then  forms  a  retort 
and  delivery  tube  in  one  piece,  and  must  be  adjusted  in  a  mercury 
trough  in  the  usual  manner,  taking  care  tliat  the  end  does  not  dip 
deeper  than  about  20  m.m.  below  the  surface,  as  otherwise  the 
pressure  of  so  great  a  column  of  mercury  might  destroy  the  bulb 
when  softened  by  heat.  On  gently  heating,  the  potassium  chlorate 
fuses  and  evolves  oxygen.  The  escaping  gas  is  collected  in  test  tubes 
about  150  m.m.  long  aud  30  m.m.  in  diameter,  r^ecting  the  first  60 
or  SO  C.C,,  which  contain  the  nitrogen  of  the  air  originally  in  the 
bulb  retort.  Five  or  more  of  these  tubes,  according  to  the  quantity 
of  oxygen  required  are  collected  and  removed  from  the  mercury 
trough  in  very  small  beakers,  the  mercurj-  in  which  should  be  about 
10  m.m.  above  the  end  of  the  teat  tube.  Oxygen  may  be  kept  in  this 
way  for  any  desired  length  of  time,  care  being  taken,  if  the  tem]>erature 
falls  considerably,  that  there  is  sufficient  mercury  in  the  beaker  to  keep 
the  mouth  of  the  test  tube  covered.  About  10  c.c.  of  the  geis  in  the 
first  tube  collected  is  transferred  by  debantation  in  a  mercury  trough 
to  another  tube,  aud  treated  with  potassium  hydrate  and  pyrogallic 
acid,  when,  if  after  a  few  minutes  it  is  absorbed,  with  the  exception 
of  a  very  small  bubble,  the  gas  in  that  and  the  remaining  tubes  may 
he  considered  pure.  If  not,  the  first  tube  is  rejected,  and  the  second 
tested  in  the  same  way,  and  so  on. 


.OO^^  IC 


i22  VOLUMffTHlC   ANALYSia  g  96. 

(fi)  Hydric  metaplioapliate.^The  glacial  hydric  metaplioaphate, 
usually  sold  in  Bticks,  is  generally  free  from  ammonia,  or  very  nearly 
80.  A  solution  should  be  made  containing  about  100  gm.  in  a  litiT. 
It  should  be  so  far  free  from  ammonia  as  that  10  c.c.  do  not  contain 
an  appreciable  quantity, 

(>■)  Calcium  phosphate. — Prepared  by  precipitating  common 
diaodium  phosphate  with  calcium  chloride,  waaliing  the  precipitate 
witli  water  by  dec«nl«tion,  ilrying  and  beating  t«  redness  for  an  hour. 

C.    Beagents  required  for  the  Estimation  of  Nitrogen  present 
as  Nitrates  and  Nitrites  (Crum's  process). 


(J3)  Potassium  permanganate. — Dissolve  alxrnt  10  gm.  of  crj-a- 
tallized  pol«asium  permanganate  in  a  liter  of  distilled  water. 

(y)  Sodium  CAr1)oiiuCf'. — Dissolve  about  10  gm.  of  dry,  or  an 
equivalent  quantity  of  crystallized  sodium  carbonate  free  from 
nitrates,  in  a  liter  of  distilled  water. 

For  the  Estimation  of  Nitrogen  as  Nitrates  and  Nitrites  in 
Waters  containing  a  very  large  quantity  of  Soluble 
Uatter,  but  little  Organic  Nitrogen. 

(!)     Jletallit  aluniinium. — As  thin  foil. 

(i)  Solution  of  sodium  hydrate. — Dissolve  100  gm,  of  solid 
sodium  hydrate  in  a  liter  of  distilled  water ;  wlien  cold,  put  it  in  a 
tall  glass  cylinder,  and  introduce  about  100  sq.  cm.  of  aluminium 
foil,  which  must  he  kept  at  the  bottom  of  the  solution  by  means  of  a 
glass  rod.  \Mien  the  aluminium  is  dissolved,  boil  the  solution 
briskly  in  a  porcelain  basin  until  about  one-third  of  its  volume  has 
been  evaporated,  allow  to  cool,  and  make  up  to  its  original  volume 
with  water  free  from  ammonia.  The  absence  of  nitrates  is  thus 
ensured. 

(i)  Broken  pumice. — Clean  pumice  is  broken  in  pieces  of  the  size 
of  small  peas,  sifted  free  from  dust,  heateil  to  redness  for  about  an 
hour,  and  kci>t  in  a  closely  stoppered  bottle. 

(ij)  Hydrochloric  acid  free  from  aiiuuonia. — If  the  ordinary  pure 
acid  is  not  free  from  ammonia,  it  should  1(o  rectified  from  sulphuric 
acid.  As  only  two  or  thii^e  droi)s  are  used  in  each  experiment,  it  will 
he  sufficient  if  that  quantity  does  not  contain  an  appreciable  pro- 
jiortion  of  ammonia. 

For  the  Estimation  of  INitritealby  Griess's  Process. 

(fl)  Meta  pheuyleue-diamine.— A  half  per  cent,  solution  of  the 
base  in  very  dilute  sulplmric  or  hydrochloric  acid.     The  liase  alone  is 
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(i)     Dilute  sulphuric  acid. — One  volume  of  acid  to  two  of  water. 

(r)  Standard  potassium  or  eodium  nitrite. — Dissolve  0-406  gm.  of 
pure  eilver  nitrite  in  boiling  distilled  water,  and  add  pure  potassium 
or  sodium  chloride  till  no  further  precipitate  of  silver  chloride  occurs. 
Make  up  to  a  liter ;  let  the  silver  chloride  settle,  and  dilute  100  c.c, 
of  the  clear  liquid  to  a  liter.  It  should  be  kept. in  small  stopperwl 
bottles  completely  filled,  and  in  the  dark. 

1  c.c.  =  0-01  m.gm.  H^O^. 

^  The  colour   produced   bj    the   reaction   of    nitrous  acid  on  meta- 
phenylene-diamine  is  triamidoazo-benzene,  or  "  Bismarck  brown." 


D.  Beagenta  reqtiired  for  the  Eatimatioii  of  Chlorine 

present  as'  Chloride. 

(a)     Standard  solution  of  silver  nitrate,— Dissolve  2-3944  gm.  of 

pure  recrystallized  silver  nitrate  in  distiUed  water,  and  make  up  to  a 

liter.     In  use  it  is  convenient  to  measure  it  from  a  burette  which 

holds  10  c.c.  and  is  divided  into  tenths. 

(fi)  Solution  of  potassium  chromate. — A  strong  solution  of  pure 
neutral  potassium  chromate  free  from  chlorine.  It  is  most  con- 
veniently kept  in  a  bottle  similar  to  that  used  for  the  solution  of 
ferrous  chloride  (B,  S). 

E.  Beagenta  required  for  determination  of  Hardness. 

(a)  Standard  solution  of  calcium  chloride. — Dissolve  in  dilute 
hydric  chloride,  in  a  platinum  dish,  0-2  gm.  of  pure  crystallized 
calcite,  adding  the  acid  gradually,  and  having  the  dish  covered  with 
a  glass  plate,  to  prevent  loss  by  spirting.  When  all  is  dissolved, 
evaporate  to  dryness  on  a  water  bath,  add  a  little  distilled  water,  and 
^ain  evaporate  to  dryness.  Kepeat  the  e\-aporation  several  times  to 
ensure  complete  expulsion  of  hydric  chloride.  Lastly,  dissolve  the 
calcium  chloride  in  distilled  water,  and  make  up  to  one  liter. 

O)  Standard  solution  of  potassium  soap. — Rub  together  in  a 
mortar  160  parts  of  lead  plaster  and  40  parts  of  dry  potassium 
carbonate.  When  they  are  fairly  mixed,  add  a  little  methylated 
spirit,  *id  continue  triturating  until  an  uniform  creamy  mixture  is 
obtained.  Allow  to  stand  for  some  hours,  then  throw  on  to  a  filter, 
and  wash  several  times  with  methylated  spirit.  The  strong  solution 
of  soap  thus  obtained  must  he  diluted  with  a  mixture  of  one  volume 
of  distilled  water  and  two  volumes  of  methylated  spbit  (considering 
the  soap  solution  as  spirit),  until  exactly  I4'25  c.c.  are  required  to  form 
a  permanent  lather  with  50  c.c.  of  the  standard  calcium  chloride  (B.  n). 
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the  experiraeiit  imng  iwrfonued  precisely  as  in  determiiiiiig  the 
hardness  of  a  water.  A  preliminary  assay  should  be  mwle  with  a 
small  quantity  of  the  strong  soap  solution  to  ascertain  its  strength. 
After  making  the  solution  approximately  of  the  right  strength,  allow 
it  to  stand  twenty-four  hoiirs ;  and  then,  if  necessary,  filter  it,  and 
afterwards  adjust  its  strength  accurately.  It  is  better  to  make  the 
solution  a  little  too  strong  at  lirst,  and  dilute  it  to  the  exact  strength 
required,  as  it  is  easier  to  add  alcgliol  accurately  than  strong  soap 
solution. 

THE    ANALYTICAL   PBOCS8SES. 

§  97.  To  form,  for  sanitary  purjKises,  an  opinion  of  the  character 
of  a  natural  water  or  sew^e,  it  will  in  most  cases  suffice  to  determine 
the  nitrogen  as  ammonia,  organic  carbon,  oi^nic  nitrogen,  total  solid 
matter,  niti'Ogen  as  nitrates  and  nitrites,-  suspended  matter,  chlorine 
and  hardness ;  and  in  the  following  pages  the  estimation  of  these  will 
be  considered  in  detail,  and  then,  more  briefly,  that  of  other 
impurities. 

The  method  of  estimating  nitrogen  as  ammonia  is  substantially  that 
described  by  the  late  W.  A.  Miller  {J.  C.  S.  [2]  iii.  125),  and  that 
for  estimating  organic  carhon  and  nitrogen  was  devised  by  Frankland 
and  Armstrong,  and  described  by  them  in  the  same  journal 
([2]  vi.  77  et  »eq). 

1.    ColleatdoD  of  Samples. — The  points  to  be  considered  under 

this  head  are,  the  vessel  to  he  used,  the  quantity  of  water  required, 
and  the  method  of  ensuring  a  truly  representative  sample. 

Stoneware  bottles  should  be  avoided,  as  they  are  apt  to  affect  the 
hardness  of  the  water,  and  are  more  difficult  to  clean  than  glass. 
Stoppered  glass  bottles  sliould  be  used  if  possible  :  those  known  as 
"  Winchester  Quarts,"  which  hold  about  two  and  a  half  liters  each, 
are  very  convenient  and  easy  to  procure.  One  of  these  will  contain 
sufficient  for  the  general  analysis  of  sewage  and  largely  polluted  rivers, 
two  for  well  waters  and  ordinarj-  rivers  and  streams,  and  three  for 
lakes  and  mountain  springs.  If  a  more  detailed  analysis  is  required, 
of  course  a  larger  quantity  must  be  taken. 

If  corks  must  be  used,  they  should  be  new,  and  well  washed  witli 
the  water  at  the  time  of  collection. 

In  collecting  from  a  well,  river,  or  tank,  plunge  the  bottle  itself, 
if  possible,  below  the  surface ;  but  if  an  intermediate  vessel  must  be 
used,  see  that  it  is  thoroughly  clean  and  well  rinsed  with  the  water. 
Avoid  the  surface  water  and  also  any  deposit  at  the  bottom. 

If  the  sample  is  taken  from  a  pump  or  tap,  take  care  to  let  the 
water  which  has  been  standing  in  the  pump  or  pipe  run  off  Iwfore 
collecting,  then  allow  the  stream  to  flow  directly  into  the  bottle.  If 
it  is  to  represent  a  town  water-supply,  take  it  from  the  service  pipe 
communicating  directly  with  the  street  main,  and  not  from  a  cistern. 

In  every  case,  first  fill  the  bottle  ronipletely  witli  the  water  thus 
expelling  all  gases  and  vapours,  empty  it  again,  rinse  once  or  twice 
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carefully  with  the  water,  and  then  fill  it  nearly  to  the  stopper,  and  tie 
down  tightly. 

At  the  time  of  collection  note  the  source  of  the  sample,  whether 
from  a  deep  or  shallow  well,  a  river  or  spring,  and  also  ite  local  uame 
80  that  it  may  be  clearly  identified. 

If  it  is  from  a  well,  ascertain  the  nature  of  the  soil,  subsoil,  and 
water-bearing  stratum ;  the  depth  and  diameter  of  the  well,  its 
distance  from  neighbouring  cesspools,  drains,  or  other  sources  of 
pollution ;  whether  it  passes  through  an  impervious  stratum  before 
entering  the  water-bearing  stratum,  and  if  so,  whether  the  sides  of  the 
well  above  this  are,  or  are  not,  water-tight. 

If  the  sample  is  from  a  river,  ascertain  the  distance  from  the  source 
to  tlie  point  of  collection  ;  whether  any  pollution  takes  place  above 
that  point,  and  the  geological  nature  of  the  district  through  which  it 
flows. 

If  it  is  from  a  spring,  take  note  of  the  stratum  from  which  it  issues. 

2.  FreliininaTy  ObserratioiiB. — In  order  to  insure  uniformity, 
the  bottle  should  invariably  be  well  shaken  before  taking  out  a 
portion  of  the  sample  for  any  purjjose.  The  colour  should  be 
observed  as  seen  in  a  tall,  narrow  cylinder  standing  upon  a  white 
surface.  It  is  welt  to  compare  it  with  distilled  water  in  a  similar 
vessel.  The  lade  and  odour  are  most  easily  detected  when  the  water 
u  heated  to  SO^-SS"  C. 

Before  commencing  the  quantitative  analysis  It  is  necessary  to 
decide  whether  the  water  shall  he  filtered  or  not  before  analysis. 
This  must  depend  on  the  purjiose  for  which  the  examination  is 
undertaken.  As  a  general  rule,  if  the  suspended  matter  is  to  be 
determined,  the  water  should  be  filtered  before  the  estimation  of 
ot^^ic  carbon  and  nitrogen,  nitrogen  as  ammonia,  and  total  solid 
residue ;  if  otherwise,  it  should  merely  be  shaken  up.  If  the 
suspended  matter  is  not  determined,  the  appearance  of  the  water,  as 
whether  it  is  clenr  or  turbid,  should  be  noted.  This  is  conveniently 
done  when  measuring  out  the  quantity  to  be  used  for  the  estimation 
of  organic  carbon  and  nitrogen.  If  the  measuring  flaak  be  held 
between  the  eye  and  a  good  source  of  light,  but  with  an  opaque  object 
such  as  a  window  iiar,  in  the  line  drawn  from  the  eye  through  the 
centre  of  the  flask,  any  suspended  particles  will  be  seen  well 
illuminated  on  a  dark  ground. 

Water  derived  from  a  newly  sunk  well,  or  which  has  been  rendered 
turbid  by  the  introduction  of  innocuous  mineral  matter  from  some 
temporary  and  exceptional  cause,  should  be  filtered,  but  the  suspended 
matter  in  most  such  cases  need  not  be  determined.  The  introduction 
of  organic  matter  of  any  kind  would  almost  always  render  the  sample 
useless. 

8.  EBtiiiiatioti  of  Nitrogea  m  Ammonia.— Place  about 
60  cc.  of  the  water  in  a  glass  cylinder  about  150  m.m.  high,  and  of 
about  70  cc,  capacity,  standing  upon  a  white  glazed  tile  or  white 
paper.  Add  about  1  cc.  of  Nessler's  solution  (A,  a),  stir  with  a 
clean  glass  rod,  and  allow  to  stand  for  a  minute  or  so.     If  the  colour 
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theu  eeea  does  not  exceed  in  intensity  that  produced  when  0*1  c.c.  of 
the  standard  BiumouiuTu  chloride  (A.  0)  is  added  to  50  c.c.  of  wat» 
free  from  ammonia  (A.  i),  and  treated  in  the  same  way,  half  a  liter  of 
the  water  should  be  used  for  the  estimation.  If  the  colour  be  darker, 
a  proportionately  smaller  quantity  should  be  taken  ;  but  it  is  not  con- 
venient to  use  less  than  20  or  25  c.c 

If  it  has  been  decided  that  the  water  should  be  filtered  before 
analysis,  care  must  he  taken,  should  it  contain  only  a  small  quantity 
of  ammonia,  that  the  filter  paper  is  free  from  ammonia.  If  it  is  not, 
it  must  be  steeped  in  water  free  from  ammonia  for  a  day  or  so,  and 
when  used,  the  first  portion  of  the  filtrate  rejected.  Wofhiwj  with 
water,  even  if  many  times  repeated,  is  generally  inefiectual.  When  a 
large  quantity  of  ammonia  is  present,  as  in  highly  polluted  water  and 
sewage,  any  ammonia  in  the  filter  paper  may  be  neglected.  A 
moderate  quantity  of  suspended  matter  may  also  generally  he  neglected 
with  safety,  even  if  the  water  is  to  he  filtered  in  estimating  organic 
carbon  and  nitrogen  and  total  sohd  matter. 

The  water,  filtered  or  uufiltered  as  the  case  may  he,  should  be  care- 
fully measured  and  introduced  into  a  tapacious  retort,  connected  by 
an  india-rubher  joint  with  a  Liebig's  condenser,  the  volume  being  if 
necessary,  made  up  to  about  400  c.c.  with  water  free  from  ammonia. 
Add  about  1  gm.  of  sodium  carbonate  (A.  y),  and  distil  rapidly, 
applying  the  lamp  flame  directly  to  the  retort,  and  collect  the  distillate 
in  a  small  glass  cylinder,  such  as  is  described  above.  When  about 
50  c.c.  have  distilled  into  tlie  first  cylinder,  put  it  aside  and  collect  a 
second  50  ex.,  and  as  soon  as  that  is  over  remove  the  lamp,  and  add 
to  the  m-orul  distillate  about  1  c.c.  of  Kesslcr'a  solution,  stir  with  a 
clean  glass  rod,  and  allow  to  stand  on  a  white  tile  or  sheet  of  paper 
for  five  minutes.  To  estimate  the  ammonia  present,  measure  into  a 
similar  cylinder  as  much  of  the  standard  ammonium  chloride  solution 
as  you  judge  by  the  colour  to  be  present  in  the  distillate  ;  make  it  up 
with  water  free  from  ammonia  to  the  same  volume,  and  treat  with 
Kcssler's  solution  In  precisely  the  same  way.  If,  on  standing,  the 
intensity  of  colour  in  the  two  cylinders  is  equal,  the  quantity  of 
ammonia  is  also  equal,  and  this  is  known  in  the  trial  cyUnder.  If  it 
is  not  equal,  another  trial  must  be  made  with  a  greater  or  less  quantity 
of  ammonium  chloride.  The  ammonium  chloride  must  not  be  added 
after  the  Nessler's  solution,  or  a  turbidity  will  be  produced  which 
entirely  prevents  accurate  comparison.  If  the  ammonia  in  the  second 
distillate  does  not  exceed  that  in  0'2  c.c.  of  the  standard  ammonium 
chloride,  the  distillation  need  not  be  proceeded  with  any  further,  but 
if  otlierwise,  successive  quantities  must  be  distilled  and  tested  until 
ammonia  ceases  to  be  found.  If  the  ammonia  in  the  second  distillate 
corresponds  to  0-4  c.c.  or  less  of  the  ammonium  chloride,  that  iTi  the  first 
may  be  estimated  in  the  same  way ;  but  if  the  second  contains  a 
greater  quantity  of  ammonia,  the  first  must  be  measured,  and  an 
aliquot  part  taken  and  diluted  to  about  60  c.c.  with  water  free  from 
ammonia,  as  it  is  likely  to  contain  so  much  ammonia  as  to  give  a 
colour  too  intense  to  admit  of  easy  comparison.  A  colour  produced 
by  more  than  2  c.c.  of  ammonium  chloride  cannot  be  conveniently 
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employed,*  When,  aa  in  the  case  of  sewage,  a  large  quantity  of 
ammonia  is  known  to  be  present,  it  saves  trouble  to  diatU  about 
100  c.c.  at  first,  and  at  once  take  an  aliquot  part  of  that,  as  above 
described.  If  the  liquid  spirts  in  distilling,  arrange  the  retort  so  that 
the  joint  between  the  retort  and  condenser  is  the  highest  point ;  the 
distillation  will  proceed  rather  more  slowly,  but  anything  carried  up 
mechanically  will  be  returned  to  the  retort.  When  the  ammonia  has 
been  estimated  in  all  the  distillates,  add  together  the  correapouding 
volumes  of  ammonium  cliloride  solution  ;  then,  it  500  c.c.  have  been 
employed  for  the  experiment,  the  number  of  c.c.  of  ammonium 
chloride  used  divided  Ijy  100  will  give  the  quantity  of  nitrogen  as 
ammonia  in  100,000  jwrts  of  the  water ;  if  less  than  that,  say  y  c.c. 
have  been  used,  multiply  the  volume  of  ammonium  chloride  by  5  and 
divide  by  y. 

Before  commencing  this  operation,  ascertain  that  the  retort  and 
condenser  are  free  from  ammonia  by  distilling  a  little  common  water 
or  dtstUleii  water  with  sodium  carbonate  until  the  diatillote  is  tree 
from  ammonia.  Bemove  the  residue  then,  anil  after  each  estimation, 
by  means  of  a  glass  syphon,  without  disconnecting  the  retort.  If  a 
small  quantity  of  water  is  to  be  distilled,  the  residue  or  part  of  it  from 
a  previous  experiment  may  be  left  in  the  retort,  instead  of  adding 
water  free  from  ammonia,  care  being  taken  that  the  previous  distilla- 
tion was  continued  until  ammonia  ceased  to  be  evolved. 

When  urea  is  present  the  evolution  of  ammonia  is  long  continued, 
owing  to  the  decomposition  of  the  urea.  In  such  eases,  collect  the 
distillate  in  similar  quantities,  and  as  soon  as  the  first  rapid  diminution 
in  the  amount  of  ammonia  has  ceased,  neglect  the  remainder,  as  this 
would  be  due  almost  wholly  to  decomposition  of  the  ui-ea. 

4.    -Estimatioii   of    Organic    Carbon    and    Nitrogen.— This 

should  be  conimenced  as  soon  aa  the  nitrogen  as  ammonia  has  been 
determined.  If  that  is  less  tlian  O'OS  part  i>cr  100,000,  a  liter  should 
be  used;  if  more  tlian  0-05,  and  less  than  0%  half  a  liter;  if  more 
tlian  0-2,  and  less  than  l-O,  a  quarter  of  a  liter;  if  more  than  TO,  a 
hundred  c.c.  or  less.  Tliese  quantities  are  given  as  a  guide  in  dealing 
with  ordinary  waters  and  selvage,  but  subject  to  variation  in  exceptional 
A  quantity  which  is  too  large  should  be  avoideil  as  entailing 
s  trouble  in  evaporation,  and  an  inconveniently  bulky  residue 
and  resulting'  gas.  If  it  is  to  be  flltereil  before  analysis,  the  same 
precaution  as  to  filter  paper  must  be  taken  as  for  estimation  of  nitrogen 
as  ammonia,  the  same  filter  being  generally  used. 

Having  measured  the  qiiantity  to  be  used,  add  to  it  in  a  capacious 
flask  15c,c.  of  the  solution  of  sulphurous  acid  (B.  ^),  and  boil  briskly 
for  a  few  seconds,  in  order  to  decompose  the  carbonates  present. 
Evaporate  to  dryness  in  a  hemispherical  glass  dish,  about  a  decimeter 
in  diameter,  and  preferably  without  a  lip,  supported  in  a  copjier  dish 
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n-ith  a  flange  (lig.  61  d  e).  The  flange  has  a  diameter  of  about  14 
centimeters,  is  sloped  sliglitly  towards  the  centre,  and  lias  a  rim  of 
about  5  lu.m.  turned  up  on  its  edge,  except  at  one  point,  where  a 
amaU  lip  is  provided.  Tlie  concave  [wrtion  is  made  to  fit  the  contour 
of  the  outside  of  the  glass  dishes,  and  is  of  such  a.  depth  as  to  allow 
the  edge  of  the  dish  to  rise  about  15  m.m.  above  the  flange.  The 
diameter  of  the  concavity  at  /  is  about  90  ni.ra.,  and  the  depth  at  ff 
about  30  m.m.  A  thin  glass  shade,  such  as  is  used  to  protect  statuettes, 
about  30  centimeters  high,  stands  on  the  flange  of  the  copper  dish,  its 
diameter  being  such  as  to  fit  without  difficulty  on  the  flange,  and  leave 
a  sufficient  space  between  its  interior  surface  and  the  edge  of  the  glass 
dish.  The  copper  dish  is  supported  on  a  steam  or  water  bath,  and  the 
water  as  it  evaporates  is  condensed  on  the  interior  of  the  glass  shade, 
runs  down  into  the  copper  dish,  filling  the  space  between,  it  and  the 
glass  disli,  and  then  passes  off  by  the  lip  at  the  edge  of  the  flange,  a 
piece  of  ta|>e  held  by  the  edge  of  the  glass  shade,  and  hanging  over 
the  lip,  guiding  it  into  a  vessel  placed  to  receive  it. 


We   are   indebted   to   Bischof    for    an   improved  apparatus   for 
evaporation,  whicli  by  keeping  the  dish  always  full  by  a  aeU-actii^ 
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contrivance  permits  the  operation  to  proceed  without  attention  during 
the  oight,  and  thus  greatly  reduces  the  time  required.  This  form  of 
apparatus  is  shown  in  fig.  61.  The  glass  dish  d  is  supported  by  a 
copper  dish  e,  as  described  above,  and  resting  on  the  latter  is  a  stout 
copper  ring  A,  which  is  slightly  conical,  being  115  m.m.  in  diameter  at 
the  top  and  130  at  the  bottom.  At  the  top  is  a  narrow  flange  of  about 
10  m.m.  with  a  vertical  rim  of  about  5  m.m.  The  diameter  across  this 
flange  is  the  same  as  the  diameter  of  the  dish  e,  so  that  the  gloss  shade 
i  wUl  fit  securely  either  on  h  or  e.  The  height  of  the  conical  ring  is 
about  80  m.m. 

The  automatic  supply  is  accomplished  on  the  well-known  principle 
of  the  bird  fountain,  by  means  of  a  delivery  tube  h,  the  upper  end  of 
which  is  enlarged  to  receive  the  neck  of  the  flask  a  contoinii^  the 
water  to  be  evaporated,  the  joint  being  carefiUiy  ground  so  as  to  be 
water-tight.  The  upper  vertical  part  of  6,  including  this  enlai^ement, 
is  about  80  m.m.  in  length,  and  the  sloping  part  about  260  m.m.,  with 
a  diameter  of  13  m.m.  The  lower  end  which  goes  into  the  dish  is  again 
vertical  for  about  85  m.m.  and  carries  a  side  tube  e  of  about  3  m.m. 
internal  diameter,  by  which  air  enters  the  delivery  tube  whenever  the 
level  of  the  water  in  the  dish  falls  below  the  point  at  which  the  side 
tube  joins  the  delivery  tube.  The  distance  from  this  point  to  the  end 
of  the  tube  which  rests  on  the  bottom  of  the  dish  at  g,  and  is  there 
somewhat  contracted,  is  about  30  m.m.  The  side  tube  e  should  not  be 
attached  on  the  side  next  the  flask,  as  if  so  the  incLned  part  of  b 
passes  over  its  mouth  and  renders  it  very  difficult  to  clean.  Mills 
prevents  circulation  of  liquid  in  the  sloping  part  of  the  tube  by 
bending  it  into  a  slightly  undulating  form,  so  that  permanent  bubbles 
of  air  are  caught  and  detained  at  two  points  in  it.  The  flask  a  should 
hold  about  1200  c.c,  and  have  a  rather  narrow  neck— about  20  m.m. 
— and  a  flat  bottom.  A  small  slot  is  cut  in  the  upper  edge  of  the  copper 
ring  h  to  accommodate  the  delivery  tube,  as  shown  in  flg.  60.  Its  size 
and  shape  should  be  such  that  the  tube  does  not  touch  the  edge  of  the 
glass  shade  i,  leat  water  running  down  the  inner  surface  of  the  shade 
should  find  its  way  down  the  outside  of  the  delivery  tube  into  the 
dish.  This  being  avoided,  the  opening  should  be  as  closely  adjusted 
to  the  size  of  the  delivery  tube  as  can  be.  The  copper  diah  e  should 
rest  on  a  steam  or  water  bath,  so  that  only  the  spherical  part  is 
exposed  to  the  heat. 

After  the  addition  of  the  15  c.c.  of  sulphuric  acid,  the  water  may 
either  be  boiled  in  the  flask  a,  or  in  another  more  capacious  one,  and 
then  transferred  to  a.  It  should  be  allowed  to  cool  before  the  delivery 
tube  is  adjusted,  otherwise  the  joint  between  the  two  is  liable  to 
become  loose  by  expansion  of  the  cold  socket  of  the  delivery  tube, 
after  being  placed  over  the  hot  neck  of  the  flask. 

The  glass  dish  liaving  been  placed  on  the  copper  dish  e,  the  conical 
ring  h  is  fitted  on,  and  the  flask  with  the  delivery  tube  attached 
inverted,  as  shown  in  fig.  61,  a  b.  This  should  not  be  done  too 
hurriedly,  and  with  a  little  care  there  is  no  risk  of  loss.  The  flask  is 
supported  either  by  a  large  wooden  filtering  stand,  the  ring  of  which 
has  ImkI  a  slot  cut  in  it  to  allow  the  neck  of  the  flask  to  pass  or  by  a 
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clamp  applied  to  the  upper  end  of  the  delivery  tube  where  the  neck  of 
the  flask  fits  in.  The  delivery  tube  having  been  placed  in  the  slot  mode 
tn  reoeivQ  it,  the  glass  shade  is  fitted  on,  and  the  evaporation  allowed 
to  proceed.  When  all  the  water  has  passed  from  the  flask  into  the 
dish,  the  flask  and  delivery  tube  and  the  conical  ring  h  may  be 
removed,  and  the  glass  shade  placed  directly  on  the  dish  e  until  the 
evaporation  is  complete.  If  the  water  is  expected  to  contain  a  large 
quantity  of  nitrates,  two  or  three  drops  of  ferrous  chloride  (B.  J) 
should  be  added  to  the  first  dishful;  and  if  it  contains  little  oi  no 
carbonate,  one  or  two  c.c.  of  hydric  sodium  sulphide  (B.  X).  The 
former  facilitates  the  destruction  of  nitrates  and  nitrites,  and  the  latter 
furnishes  base  for  the  sulphuric  acid  produced  by  oxidation  of  the 
sulphurous  acid,  and  which  would,  if  free,  decompose  the  organic 
matter  when  concentrated  by  evaporation.  An  estimate  of  the 
quantity  of  carbonate  present,  sufficiently  accurate  for  this  purpose, 
may  generally  be  made  by  observing  the  quantity  of  precipitate 
thrown  down  on  addition  of  sodium  carbonate  in  the  determination  of 
uitr<^n  as  ammonia. 

With  sewages  and  very  impure  waters  (containing  upwards  of  O'l 
part  of  nitrogen  as  ammonia  per  100,000  for  example)  such  great 
precaution  is  hardly  necessary,  and  the  quantitj'  to  evaporate  being 
small,  the  evaporation  may  he  conducted  iu  a  glass  dish  placed  directly 
over  a  steam  bath,  and  covered  with  a  drum  or  disc  of  filter  paper 
made  by  stretching  the  paper  by  means  of  two  hoops  of  light  split 
cane,  one  thrust  into  the  other,  ttie  paper  being  between  them,  in  the 
way  often  employed  in  making  dialysers.  This  protects  the  contents  of 
the  dish  from  dust,  and  also  to  a  great  extent,  from  ammonia  whicli 
may  be  in  the  atmosphere,  and  which  would  impair  the  accuracy  of  the 
leaulU.  As  a  glass  dish  would  be  in  some  danger  of  breaking  by  the 
introduction  of  cold  wat«r,  the  flask  containing  the  water  being 
evaporated  in  this  or  in  the  first  described  manner,  must  be  kept  on  a 
hot  plate  or  sand  bath  at  a  temperature  of  about  60"  or  70°  C.,  and 
should  be  covered  with  a  watch-glass.  This  precaution  is  not  necessary 
when  Bischof  s  apparatus  is  used.  If,  at  any  time,  the  water  in  the 
flask  ceases  to  smell  strongly  of  sulphurous  acid,  moie  should  be 
added.  The  preliminary  boiling  may  be  omitted  when  less  than 
250  c.c.  is  usei  When  the  nitrogen  as  nitrates  and  nitrites  exceeds 
0-5  part,  the  dish,  after  the  evaporation  iias  been  carried  to  dryness, 
should  be  tilled  with  distilled  water  containing  ten  per  cent,  of 
saturated  sulphurous  acid  solution,  and  the  evaporation  again  carrie^l 
to  dryness.  If  it  exceeds  I'O  part,  a  quarter  of  a  liter  of  this  solution 
should  be  evaporated  on  the  residue ;  if  2'0  parts,  half  a  liter ;  and  if 
5  parts,  a  liter.  If  less  than  a  liter  has  been  evaporated,  a  pi-o- 
portionally  smaller  volume  of  this  solution  maj-  he  used.  The 
estimation  of  nitrogen  as  nitrates  anil  nitrites  will  usually  be 
accomplished  before  this  stage  of  the  evaporation  is  reached. 

M.  W.  Williams  proposes  to  avoid  the  use  of  sulphurous  acid, 
with  its  acknowledged  disadvantages  and  defects,  by  removing  the 
nitric  and  nitrous  acids  with  the  zinc-copper  couple  and  converting 
them  into  ammonia.     If  the  amount  is  large,  it  is  best  distilled  from 
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a  retort  into  weak  acid  ;  if  small,  into  an  empty  Nessler  tube."  'Tho 
amount  so  found  is  calculated  into  nitrogen  as  nitrates  and  nitrites,  if 
the  latter  are  found  in  the  water.  The  residue,  when  free  from 
ammonia  is  further  concentmted,  the  eeparoted  carbonates  re-dissolved 
in  phosphoric  or  sulphurous  acid,  in  just  sufficient  quantity,  then 


Pig  62. 


transferretl  to  a  glass  basin  for  evaporation  to  drj-nesa  ae  usual  ready 
for  combustion  {J.  C.  S.,  1881,  144). 

In  the  case  of  sewage,  however,  it  is  advisable  to  employ  hydric 
metaphosphate  in  the  place  of  Ftulphurons  acid,  as  the  ammonium 
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phoapliatc  is  even  less  volatile  than  tlie  sulphite.  This  can  only  be 
employed  for  sewage  and  similar  liquids,  which  are  free  from  nitrates 
and  nitrites.  To  the  measured  quantity  of  liquid  to  be  evaporated 
add,  in  the  glass  dish,  10  c.c.  of  the  hydric  metaphospliate  (B.  p), 
and,  in  order  to  render  the  resi<lue  more  convenient  to  detacii  from 
the  dish,  a1>ont  lialf  a  gram  of  calcium  phosphate  (B.  >■),  and  proceed 
as  usual,  No  ferrous  chloride,  sulphurous  acid,  or  sodium  sulphite 
is  required  ;  nor  is  it  necessary  to  lioil  before  commencing  the 
evaporation. 

The  next  oi)eration  is  the  combustion  of  the  residue.  The 
combustion  tube  should  be  of  bard,  difficultly  fusible  glass,  with  an 
internal  diameter  of  about  10  m.m.  Cut  it  in  lengths  of  about 
430  ro.iu.,  and  heat  one  end  of  each  in  the  blowpipe  flame  to  round 
the  edge.  Wash  well  with  water,  brushing  the  interior  carefully  with 
a  tube  brush  introduced  at  tlie  end  whose  edge  has  been  rounded, 
rinse  with  distilled  water,  and  drj'  in  an  oven.  When  dry,  draw  off 
and  close,  at  the  blowpii*,  the  end  whose  edge  has  been  left  sharp. 
The  tube  is  then  ready  for  use. 

Pour  on  to  the  perfectly  dry  residue  in  the  glass  dish,  standing  on 
a  sheet  of  ivhite  glazed  i»aper,  a  little  of  the  fine  cupric  oxide  {B.  t), 
and  with  the  aid  of  a  small  elastic  steel  spatula  (about  100  m.m.  long 
and  15  m.m.  wide)  carefully  <letach  the  residue  from  the  glass  and 
rub  it  down  with  the  cupric  oxide.  The  spatula  readily  accommodates 
itself  to  the  curvature  of  the  dish,  and  ettectually  scrapes  its  surface. 
When  the  contents  of  the  dish  are  fairly  mixed,  fill  about  30  m.m.  of 
the  length  of  the  combustion  tube  with  granulated  cupric  oxide 
(B.  (),  and  transfer  the  mixture  in  the  dish  to  the  tube.  This  is  done 
in  the  usual  way  by  a  scooping  motion  of  the  end  of  the  tube  in  the 
dish,  the  last  portions  being  transferred  by  the  help  of  a  hent  card  or 
a  piece  of  clean  and  smooth  platinum  foil.  Kiuse  the  dish  twice  with 
a  little  fine  cupric  oxide,  rubbing  it  well  round  each  time  with  the 
spatula,  and  transfer  to  the  tube  as  before.  Any  particles  scattered 
on  the  paper  are  also  to  be  put  in.  Fill  up  to  a  distance  of  270  m.m. 
from  the  closed  end  with  granular  cupric  oxide,  put  in  a  cylinder  of 
metallic  copper  (B.  f),  and  then  again  20  m.m.  of  granular  cupric 
oxide.  This  last  is  to  oxidize  any  traces  of  carbonic  oxide  which 
might  be  formed  from  carbonic  anhydride  by  the  reducing  action  of 
iron  or  other  impurity  in  the  metallic  copper.  Now  draw  out  the  end 
of  the  tube  so  as  to  form  a  neck  about  100  m.m.  long  and  i  m.m.  in 
diameter,  fuse  the  end  of  this  to  avoid  injury  to  the  india-rubber 
connector,  and  bend  it  at  rightrangles.  It  is  now  ready  to  be  placed 
in  the  combustion  furnace  and  attached  to  the  Spreugel  pump. 

The  most  convenient  form  of  this  instrument  for  the  purpose  is 
shown  in  fig.  62.  The  glass  funnel  a  ia  kept  supplied  with  mercury, 
and  is  connected  by  a  caoutchouc  joint  with  a  long  narrow  glass  tube 
which  passes  down  nearly  to  the  bottom  of  a  wider  tube  d,  900  m.m. 
long,  and  10  m.m.  in  internal  diameter.  The  upper  end  of  d  is 
cemented  into  the  throat  of  a  glass  funjiel  c  from  which  the  neck  has 
been  removed.  A  screw  clamp  b  regulates  the  flow  of  mercury  down 
the  narrow  tulje.     A  piece  of  ordinary  glass  tube/ 17,  about  6  m.m.  in 
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diameter  and  600  m.m.  in  length,  is  attached  at  f?  to  a  tube  ghk, 
about  6  m.m.  in  diameter,  1500  m.m.  long,  with  a  bore  of  1  m.m. 
This  is  bent  sharply  on  itself  at  h,  the  part  h  k  being  1300  m.m.  long, 
and  the  two  limbs  are  firmly  lashed  together  with  copper  wire  at  two 
points,  the  tubes  being  preserved  from  injury  by  short  sheaths  of 
caoutchouc  tube.  The  end  k  is  recurveil  for  the  delivery  of  gas.  At 
the  top  of  the  bend  at  A,  a  piece  of  onlinary  tube  k  I,  about  120  m.m. 
long,  and  5  m.m.  in  diameter,  is  sealed  on.  The  whole  I  ki%  kept  in 
a  vertical  position  by  a  loose  su]>port  or  guide,  near  its  upper  part,  the 
whole  of  its  weight  resting  on  the  end  k,  so  that  it  is  comparatively 
free  to  move.  It  is  connected  at/  with  the  lower  end  of  d,  by  means 
of  a  piece  of  caoutchouc  tube  covered  with  tape,  and  furnished  with 
a  screw  clamp  e.  At  I  it  is  connected  with  the  combustion  tube  o,  by 
the  connecting  tube  Imn,  which  is  made  of  tube  similar  to  that  used 
for  A  k.  A  cork  slides  on  h  t,  which  is  fitted  into  the  lower  end  of 
a  short  piece  of  tube  of  a  width  sufficient  to  pass  easily  over  the 
caoutchouc  joint  connecting  the  tubes  at  /.  After  the  joint  has 
been  arrai^ed  (the  ends  of  the  tubes  just  touching)  and  bound  with 
wire,  the  cork  and  wide  tube  are  pushed  over  it  and  filled  with 
glycerine.  The  joint  at  n  is  of  exactly  the  same  kind,  but  as  it  has  to 
be  frequently  disconnected,  water  is  used  instead  of  glycerine,  and  the 
caoutchouc  is  not  bound  on  to  the  combustion  tube  *vith  wire.  It 
will  be  seen  that  the  joint  at  I  is  introduced  chiefly  to  give  flexibility 
to  the  apparatus.  At  m  is  a  small  bulb  blown  on  the  tube  for  the 
purpose  of  receiving  water  produced  in  the  combustion.  This  is 
immersed  in  a  small  water  trough  x.  The  tube  h  k  stands  in  a  mercury 
trough  p,  which  is  shown  in  plan  on  a  larger  scale  at  B. 

This  trough  should  be  cut  of  a  solid  piece  of  mahogany,  as  it  is 
extremely  difficult  to  make  joints  to  resist  the  pressure  of  such 
a  depth  of  mercury.  It  is  200  m.m.  long,  155  m.m,  wide,  and 
100  m.m.  deep,  outside  measurement.  The  edge  r  ?■  is  13  ni.m.  wide, 
and  t)ie  shelf  e  65  m.m.  wide,  174  m.m,  long,  and  50  m,m.  deep  from 
the  top  of  the  trough.  The  channel  ^  is  25  m.m.  wide,  and  75  m.m. 
deep,  having  at  one  end  a  circular  well  w,  42  m.m.  in  diameter,  and 
90  m.m.  deep.  The  recesses  «  it  are  to  receive  the  ends  of  two 
Sprengel  pumps.  They  are  each  40  m.m.  long,  25  m.m.  wide,  and 
of  the  same  depth  as  the  channel  t.  A  short  iron  wire  r,  turning  on 
a  small  staple,  and  resting  at  the  other  end  against  an  iron  phi, 
stretches  across  each  of  these,  and  serves  as  a  kind  of  gate  to  support 
the  test  tube,  in  which  the  gas  delivered  by  the  pump  is  collected. 
The  trough  stands  upon  four  legs,  75  m.m.  high,  and  is  provided  at 
the  side  with  a  tube  and  screw  clamp  q,  by  which  the  mercury  may 
be  drawn  off  to  the  level  of  the  shelf  «. 

The  combustion  tub©  being  placed  in  the  furnace,  protected  from 
the  direct  action  of  the  flame  by  a  sheet-iron  trough  lined  with 
asbestos,  and  the  water  joint  at  n  adjusted,  the  gas  is  lighted  at  the 
front  part  of  furnace  so  as  to  heat  the  wliole  of  the  metallic  copper 
and  part  of  the  cupric  oxide,  A  small  screen  of  sheet  iron  is 
adjusted  astride  of  the  combustion  tube  to  protect  the  part  beyond 
the  point  np  to  which  the  gas  is  burning  from  the  heat. 
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At  the  same  time  a  atream  of  mercury  is  allowed  to  flow  from  the 
funnel  a,  which  fills  the  tubes  d  and /until  it  reachta  h,  when  it  falls 
in  a  seriea  of  pellets  down  the  narrow  tube  h  k,  each  carrying  before 
it  a  quantity  of  air  drawn  from  the  combustion  tube.      The  flow  of 
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mercury  must  be  controllcil  by  means  of  the  clam]>»  b  and  e,  so  aa  not 
to  be  too  rapid  to  admit  of  the  formation  of  these  separate  pistons, 
and  especially,  care  should  be  taken  not  to  permit  it  to  go  so  fast  as 
to  mount  into  the  connecting  tube  I  m  n,  as  it  cannot  be  removed 
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thencB  exce]>t  by  di9C0imectiii|j  the  tube.  During  the  exhaustion,  the 
trough  X  is  filled  with  hot  water  to  expel  from  the  bulb  wi  any  water 
condensed  from  a  previous  operation.  In  about  ten  minutes  the 
mercury  will  fall  in  the  tube  h  k  with  a  loud,  sharp,  clicking  »>und, 
showing  that  the  vacuum  is  complete.  As  soon  as  this  occurs,  the 
pump  may  be  stopped,  a  test  tube  filled  with  mercury  inverted  over 
the  delivery  end  of  the  tiil>e  k,  cold  water  substituted  for  hot  in  the 
trough  X,  tlie  iron  screen  removed,  and  combustion  proceeded  with  in 
the  usual  way.  This  will  take  from  fifty  to  sixty  minutes.  As  soon 
as  the  whole  of  the  tube  is  heated  to  redness,  the  gas  is  turned  off, 
and  the  tube  immediately  exhausted,  the  gases  produced  being 
transferred  to  the  tube  placed  to  receive  tliem.  When  the  exhaustion 
is  complete,  the  test  tube  of  gas  may  be  removed  in  a  small  beaker, 
and  transferred  to  the  gas  analysis  apparatus. 

This  gas  collected  consists  of  carbonic  anhydride,  nitric  oxide, 
nitrogen,  and  (very  rarely)  carbonic  oxide,  which  can  readily  be 
separated  and  estimated  by  the  ordinary  methods  of  gas  analysis. 
This  is  rapidly  accomplished  with  the  apparatus,  shown  in  the 
acoomjianying  diagram,  Fig.  63,  which,  wliilst  it  does  not  permit  of 
analysis  by  explosion,  leaves  nothing  to  be  desired  for  this  particular 
operation.  It  is  essentially  that  described  by  Frankland  {J.  C.  S. 
[2]  vi.  109),  but  is  slightly  modified  in  arrangement.  In  the  diagram, 
a  c  d  K  &  measuring  tube,  of  which  the  cylindrical  portion  a  is 
370  m.ni.  long,  and  18  m.m.  in  internal  diameter,  the  part  c  40  m.m. 
long,  and  7  m.m.  in  diameter,  and  the  part  d  175  m.m.  long,  and 
2'5  m.m.  in  diameter.  To  the  upper  end  of  d  a  tube,  with  a  capillary 
bore  and  stop-cock/,  is  attached,  and  bent  at  right-angles.  Allowing 
20  m.in.  for  each  of  the  conical  portions  at  the  joints  between  a  and 
c,  and  c  and  d,  and  25  m.m.  for  the  vertical  part  of  the  capillary  tube, 
the  vertical  measurement  of  the  entire  tube  is  650  m.m.  It  is 
graduated  carefully  from  below  upward,  at  intervals  of  10  m.m.,  the 
zero  l)eing  100  m.m.  from  the  end,  as  about  that  length  of  it  is  hidden 
by  its  support,  and  therefore  unavailable.  The  topmost  10  m.m.  of  d 
should  be  divided  into  single  millimeters.  At  the  free  end  of  the 
capillary  tulje  a  small  steel  cap  shown  in  fig.  64,  B,  is  cemented  gas- 
tight.     Tlie  lower  end  of  a  is  drawn  out  to  a  diameter  of  5  m.m. 


FiR.  64, 

The  tube  I  is  about  1'2  meter  long,  and  6  m.m,  internal  diameter,  is 
drawn  out  like  a  at  the  lower  end,  and  graduated  in  millimeters 
from  below  upward,  the  zero  Iwing  about  100  m.in.  from  the  end.* 
The  tul>es  acd  and  h  pass  through  a  caoutchouc  stopi>er  o,  which  fits 

*  The  gntdution  ianot  ibom  In  th>  dia)(inm. 
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into  the  lower  end  of  a  glass  cylinder  n  n,  intended  to  contain  water 
to  give  a  definite  temperature  to  the  gas  in  measuring.  The  z«roa  of 
the  graduatioiia  should  !«  about  10  m.m.  above  this  stopper. 
Immediately  below  this  the  tubes  are  firmly  clasped  by  the  wooden 
clamp  p  (shown  in  end  elevation  and  plan  at  lig.  63,  B,  C),  the  two 
parts  of  which  are  drawn  together  by  screws,  the  tubes  being 
protected  from  injury  by  a  piece  of  caoutchouc  tube  titled  over  each. 
The  clamp  is  supported  on  an  upright  piece  of  wood,  screwed  firmly 
to  the  base  A.  If  the  stopper  o  ia  carefully  fitted,  and  the  tubes 
tightly  clamped,  no  other  support  than  p  will  lie  necessary.  The 
tubes  below  the  clamp  are  connected  by  joints  of  caoutchouc  covered 
with  tape,  and  strongly  bound  with  wire,  to  the  vertical  legs  of  the 
union  piece  q,  to  tlie  horizontal  1^  of  which  is  attached  a  long 
caoutchouc  tube  of  alwut  2  m.m.  internal  diameter,  which  passes  to 
the  glass  reservoir  t.  This  tube  must  be  covered  with  strong  tape,  or 
(less  conveniently)  have  a  lining  of  canvas  between  two  layers  of 
caoutchouc,  as  it  will  bo  exposed  to  considerable  pressure.  In  its 
course  it  passes  through  the  double  screw  steel  pinch-cock  r,  the  lower 
bar  of  which  is  fixed  to  the  aide  of  the  clamp  p.  It  le  essential  that 
the  screws  of  the  piuch-cock  should  have  smooth  collars  like  that 
shown  in  fig,  64  A,  and  ttiat  the  upper  surface  of  the  upper  bar  of 
the  pinch-cock  should  be  quite  flat,  the  aurfacea  between  which  the 
tube  is  passed  Iwing  cylindrical. 

Fraukland  has  introduced  a  form  of  joint  by  wliich  the  steel  caps 
and  clamp  are  dispensed  with.  The  capillary  tiil)e  at  the  upper  end 
of  a  c  d  ia  expanded  into  a  small  cup  or  funnel,  and  the  capillary  tube 
of  the  laboratory  vessel  Itent  ttcice  at  right-angles,  the  end  being 
drawn  out  in  a  conical  form  to  fit  into  the  neck  of  the  above-named 
cup.  Tlie  opposed  surfaces  are  fitted  by  grinding  or  by  covering  the 
conical  end  of  the  laboratory  vessel  with  thin  sheet  caoutchouc  .  The 
joint  is  kept  tight  by  an  elastic  band  attached  at  one  end  to  the  stand, 
and  at  the  other  to  a  hook  on  the  horizontal  tube  of  the  laboratory 
vessel,  and  the  cup  is  filled  with  mercury. 

In  the  base  A  is  fixed  a  stout  iron  rod,  1*4  meter  long,  with  a  short 
horizontal  arm  at  its  upper  end,  containing  two  grooved  pulleys.  The 
reservoir  t  is  suspended  by  a  cord  passing  over  these  pulleys,  and 
attached  t«  an  eye  u  in  the  iron  rod,  the  length  of  the  cotj  being  such 
that,  when  at  full  stretch,  the  bottom  of  the  reservoir  is  level  with  the 
bottom  of  the  clamp  p.  A  loop  is  made  on  the  cord,  which  can  be 
secured  by  a  hook  v  on  the  rod,  so  that  when  tliua  suspended,  the 
bottom  of  t  is  about  100  m.m.  above  the  stop-cock  /.  A  stout  elastic 
band  fitted  round  t  at  its  largest  diameter  acts  usefully  as  a  fender  to 
protect  it  from  an  accidental  blow  against  the  iron  rod.  A 
thermometer  e,  suspended  by  a  wire  hook  from  the  edge  of  the 
cylinder,  n  n,  gives  the  temperature  of  the  contained  water,  the  nni- 
formity  of  which  may  be  insured  (though  it  is  scarcely  necessary)  by 
passing  a  slow  succession  of  bubbles  of  air  through  it  or  by  moving  up 
and  down  in  it  a  wire  with  its  end  bent  into  the  form  of  a  ring.  The 
jar  k  is  called  the  laboratory  vessel,  and  is  100  m.m.  high,  and  38  m.m. 
in  internal  diameter,  having  a  capillary  tube,  nlasa  stopcock,  and  steel 
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cap  ^  h  exactly  like/j(.  The  mercury  trough  I  is  shown  in  figs,  65 
and  66.  It  is  of  solid  maht^auy,  265  m.m.  long,  80  m.iii.  broad,  and 
90  m.m.  deep,  outside  measurement.  The  rim  a  a  a  a  is  8  m.m. 
broad,  and  15  m.m.  deep.  The  excavation  b  is  230  m.m.  long, 
26  m.m.  broad,  and  65  m.m.  deep,  with  a  circular  cavity  to  receive 
the  laboratory  vessel  sunk  at  one  end,  45  m.m.  in  diameter,  and 
20  m.m.  in  depth  below  the  top  of  tlie  excavation.  Two  small  lateral 
indentations  e  c  (flg.  66)  near  the  other  end  accommodate  a  capsule  for 
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transferring  to  the  trough  tubes  containing  gas.  This  trough  rests 
upon  a  telescope  table,  which  can  be  tixed  at  any  height  by  means  of 
a  screw,  and  is  supported  on  three  feet.  It  must  be  arranged,  so  that 
when  the  laboratory  vessel  is  in  its  place  in  the  trough,  the  two  steel 
caps  exactly  correspond  face  to  face. 

The  difference  of  level  of  the  mercury  in  the  tubes  b  and  a  c  d, 
caused  by  capillary  action,  when  both  are  freely  open  to  the  air,  must 
be  ascertained  by  taking  several  careful  obsMvations.  This  will  be 
different  for  each  of  the  portions  a  c  and  d,  and  must  be  added  to  or 
deducted  from  the  observed  pressure,  as  the  mercury  when  thus  freely 
exposed  in  both  tubes  to  the  atmospheric  pressure  stands  in  a  c  or  li 
above  or  below  that  in  b.  This  correction  will  include  also  any  that 
may  be  necessary  for  difference  of  level  of  the  zeros  of  the  graduations 
of  the  two  tubes,  and,  if  the  relative  positions  of  these  be  altered,  it 
must  be  redetermined.  A  small  telescope,  sliding  on  a  vertical  rod, 
should  be  used  in  these  and  all  other  readings  of  the  level  of  mercury. 

The  capacity  of  the  measuring  tube  a  e  d  at  each  graduation  must 
now  he  determined.  This  is  readily  done  by  first  filling  the  whole 
apparatus  with  mercury,  so  that  it  dripe  from  the  cap  g.  The  stop- 
cock /  is  then  closed,  a  piece  of  caoutchouc  tube  slipped  over  the  cap, 
and  attached  to  a  fimnel  supplied  with  distilled  water.  The  reservoir 
(  being  lowered,  the  clamp  r  and  the  stop-cock  /  are  opened,  so  that 
the  mercury  returns  to  the  reservoir,  water  entering  through  the 
capillary  tube.  As  soon  as  it  is  below  the  zero  of  the  graduation,  the 
stopHXwk  /  is  closed,  the  funnel  and  caoutchouc  tube  removed  from 
the  cap,  and  the  face  of  the  laet  slightly  greased  in  order  that  water 
may  pass  over  it  without  adhering.  Now  raise  the  reservoir,  open  the 
etop-cock  /,  and  allow  the  water  to  flow  gently  out  until  the  top  of  the 
convex  surface  of  the  mercury  in  a  just  coincides  with  the  zero  of  the 
graduation.  The  mercury  should  be  controlled  by  the  clamp  r,  so 
that  the  water  issues  under  very  slight  pressure.  !Note  the 
temperature  of  the  water  in  the  water-jacket,  and  proceed  with  the 
expulsion  of  the  water,  collecting  it  as  it  drops  from  the  steel  cap,  in  a 
small  carefully  weighed  glass  flask.     When  the  mercury   has  risen 
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through  100  m.m.  atop  the  flow  of  water,  aiid  weigh  tlio  flask.  The 
ireight  of  water  which  was  contained  between  the  RratUiations  0  and 
100  on  tlie  tube  is  then  known,  and  if  the  temperature  be  4°  C,  the 
weight  iu  grama  will  express  the  capacity  of  that  i«rt  of  the  tube  in 
cubic  ceiitimetera.  If  tlie  temperature  be  otlier  than  4°  C,  the 
volume  must  be  calculated  by  the  aid  of  the  eo-ctficient  of  expansion 
of  water  by  heat.  In  a  aimilar  way  the  cajiacity  of  the  tube  at 
successive  graduations  about  100  m.m.  ajwut  is  ascertained,  the  last 
determination  in  a  being  at  the  highest,  and  the  first  in  e  at  the  lowest 
graduation  on  the  cylindrical  part  of  each  tube ;  the  tube  between 
these  points  and  similar  iroints  on  c  and  d  being  so  distorted  by  the 
glass  blower  that  observations  could  not  well  be  made.  Tlie  capacity 
at  a  sufficient  number  of  points  being  ascerlaineil,  that  at  each  of  the 
intermediate  graduations  may  bo  calculated,  and  a  table  arranged  with 
tlie  capacity  marked  gainst  each  graduation.  As  the  calculations  in 
the  analysis  are  made  by  the  aid  of  logarithma,  it  is  convenient  to 
enter  on  this  table  the  logarithms  of  the  capacities  instead  of  the 
natural  numbers. 

In  using  the  apparatus,  the  8ta])-cocks  on  the  measuring  tube  and 
laboratory  vesael  ehoidd  be  slightly  greased  witli  a  mixture  of  reaiu 
cerate  and  oil,  or  vaseline,  the  whole  apparatus  carefully  Idled  with 
mercury,  and  the  stop-cock  /  cloaed ;  next  place  the  laboratory  vessel 
in  position  in  the  mercury  trough,  and  suck  out  the  air.  This  is 
readily  and  rapidly  done  by  the  aid  of  a  short  piece  of  caoutchouc 
tu1>e,  placed  in  the  veaael  just  before  it  is  put  into  the  mercury  trough, 
and  drawn  away  as  soon  as  the  air  is  removed.  .Suck  out  any  small 
bubbles  of  air  still  left  through  the  capillary  tube,  anti  as  soon  as  the 
vessel  is  entirely  free  from  air  close  the  stop-cock.  Slightly  grease 
the  face  of  both  ca|is  with  rosin  cerate  (to  which  a  little  oil  should  be 
added  if  very  stiff),  and  clamp  them  tightly  together.  On  opening 
biith  Bto]>-cock8  mercury  should  flow  freely  through  the  capillary- 
communication  tlius  formed,  and  the  whole  should  be  quite  free  from 
air.  To  ascertain  if  the  joints  are  all  in  good  order,  close  the  stop-cock 
A,  and  lower  the  reservoir  (  to  il«  lowest  jiositicm  ;  the  .joints  and 
stop-cocks  will  thus  be  subjected  to  a  pressure  of  nearly  lialf  an 
atmosphere,  and  any  leakage  would  speetlily  be  detected.  If  all  Iw 
right,  restore  the  reservoir  to  its  npjior  position. 

Transfer  the  tube  containing  the  gas  to  lie  an.dyzed  to  an  ordinary 
jiorcelain  mercury  trough ;  exchange  the  beaker  in  which  it  has  been- 
standing  for  a  aiuall  porcelain  capsule,  and  transfer  it  to  the  mereury 
trough  1,  the  capsule  finding  ample  room  where  the  trough  is  widened 
by  the  recess  P. 

Carefully  decant  the  gas  to  the  laboratory  vessel,  and  add  a  drop  or- 
two  of  potassium  bichromate  solution  (B.  if)  from  a  '■mall  pipette  with 
a  bent  capillary  delivery  tube,  to  ascertain  if  the  gas  contains  any 
sulphurous  anhydride.  If  so,  the  yellow  solution  will  immediately 
Ijeconie  green  from  the  foniiation  of  a  chromic  salt,  and  the  gas  must 
be  allowed  to  sl^knd  over  the  chromate  for  four  or  five  niiiiiites,  a  little 
more  of  the  solution  being  added  if  necessary.  The  ulisorption  may 
be  greatly  accelerated  by  gently  shaking  from  time  to  time  the  stand 
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an  which  the  mercury  trough  rests,  so  as  to  cause  the  solution  to  wet 
the  sides  of  the  vessel.  With  care  this  may  be  done  without  danger 
lo  the  apparatus.  Mercury  should  be  allowed  to  pass  slowly  into  the 
laboratory  vessel  during  the  whole  time,  as  the  drops  falling  tend  to 
maintain  a  circulation  both  in  the  gas  and  in  the  absorbing  liquid. 
The  absence  of  sulphurous  anhydride  being  ascertained,  Ixith  stop- 
cocks are  set  fully  open,  the  reservoir  (  lowered,  aud  the  gas  trana- 
ferred  to  the  measuring  tube.  The  stop-cock  h  should  be  closed  ae 
soon  as  the  liquid  from  the  laboratory  vessel  is  within  about  10  m.iu. 
of  it.  The  bore  of  the  capillary  tube  is  so  fine,  that  the  quantity  of 
gas  contained  in  it  is  too  small  to  affect  the  result.  Next  bring  the 
top  of  the  meniscus  of  mercury  seen  throiigh  the  telescope  exactly  to 
coincide  with  one  of  the  graduations  on  the  measuring  tube,  the 
passage  of  mercury  to  or  from  the  reservoir  being  readily  controlled  by 
the  pinch-cock  r.  Xote  the  position  of  the  mercury  in  the  measuring 
tube  and  in  the  pressure  tube  b,  the  temperature  of  the  water-jacket, 
and  the  height  of  the  barometer,  the  level  of  the  mercury  in  the 
pressure  tube  and  barometer  being  read  to  the  tenth  of  a  m.m.  and 
the  thermometer  to  O'l*  C,  This  done,  introduce  into  the  laboratory 
vessel  from  a  pipette  with  a  bent  point,  a  few  drops  of  potassium 
hydrate  solution  (B.  6),  and  return  the  gas  to  the  laboratory  vessel. 
The  absorption  of  carbonic  anhydride  will  be  complete  in  about  three 
to  five  minutes,  and  if  the  volume  of  the  gas  is  large,  may  be  much 
acfselerated  by  gently  shaking  the  stand  from  time  to  time,  so  as  to 
throw  up  the  liquid  on  the  sides  of  the  vessel.  If  the  small  pipettes 
used  to  introduce  the  various  solutions  are  removed  from  the  mercury 
trough  gently,  tliey  will  always  contain  a  little  mercury  in  the  bend, 
which  will  suffice  to  keep  the  solution  from  flowing  out,  and  they  may 
be  kept  in  readiness  for  use  standing  upright  in  glass  cylinders  or 
other  convenient  supports.  At  the  end  of  five  miimtes  the  gas,  which 
now  consists  of  nitrogen  and  nitric  oxide,  is  again  transferred  to  the 
measuring  tube,  and  the  operation  of  measuring  repeated ;  the 
Itarometer,  however,  need  not  be  observed,  imder  ordinary  circum- 
stances, more  than  once  for  each  analysis,  as  the  atmospheric  pressure 
will  not  materially  vary  during  the  twenty-five  to  thirty  minutes 
required.  Next  pass  into  the  laboratory  vessel  a  few  drops  of 
saturated  solution  of  pyrogallic  acid  (B.  <),  and  return  the  gas  upon  it. 
The  object  of  adding  the  pyrogallic  acid  at  this  stage  is  to  ascertain  if 
oxygen  is  present,  as  sometimes  happens  when  the  total  quantity  of 
gas  is  very  small,  an<l  the  vacuum  during  the  combustion  but  sliglitly 
impaired.  Under  such  circumstances,  traces  of  oxygen  are  given  off 
by  the  cupric  oxide,  and  jjass  so  rapidly  over  the  metallic  copper,  as  to 
escape  absorption.  This  necessarily  involves  the  loss  of  any  nitric 
oxide  whicli  also  escapes  the  copper,  but  this  is  such  a  very  small 
proportion  of  an  already  small  quantity  that  its  loss  will  not 
appreciably  affect  the  result.  If  oxygen  be  present,  allow  the  gas  to 
remain  exposed  to  the  action  of  the  pyrogallatc  until  the  liquid  when 
thrown  up  the  sides  of  the  laboistocy  vessel  runs  off  without  leaving 
a  dark  red  stain.  If  oxygen  lie  not  present,  a  few  bubbles  of  tliat  gas 
(B.  X)  are  introduced  to  oxidize  tlie  nitric  oxide  to  jwrnitric  oxide. 


lOo^^ie 


440  VOLDMBTRIC   ANALYSIS.  §  97. 

which  is  absorbed  by  the  poUtssium  hydrate.  The  oxygen  may  be 
very  conveniently  added  from  the  gas  pipette  ahoivn  in  iig.  67,  where 
a  6  are  gloss  bulbs  of  about 
50  m.m.  diameter,  connected  by  a 
glass  tube,  the  bore  of  which  is 
constricted  at  c,  so  as  to  allow 
mercury  to  pass  but  slowly  from 
one  bulb  to  the  other,  and  thus 
control  the  passage  of  gas  through 
tiie  narrow  delivery  tube  d.  The 
Fig.  67.  otlier  end   e   ia    prorided  with  a 

short  piece  of  caoutchouc  tube,  by 
blowing  through  which  any  desired  quantity  of  gas  may  be  readily 
delivered.  Cnre  must  be  taken  after  use  that  the  delivery  tube  is  not 
removed  from  the  trough  till  the  angle  d  is  filled  with  mercury. 

To  replenish  the  pipette  with  oxygen,  fill  the  bulb  b  and  the  tubes 
c  and  d  with  mercury ;  introduce  the  point  of  d  into  a  tube  of  oxygen 
standing  in  the  mercury  trough,  and  draw  air  from  the  tube  e.  The 
gas  in  b  is  confined  between  the  mercury  in  c  and  that  in  d. 

When  the  excess  of  oxygen  has  been  absorbed  as  above  described, 
the  residual  gas,  which  consists  of  nitrogen,  is  measured,  and  the 
analysis  is  complete.  * 

There  are  thus  obtained  three  sets  of  observations,  from  which,  by 
the  usual  methods,  we  may  calculate  A  the  total  volume,  B  the 
volume  of  nitric  oxide  and  nitrogen,  and  C  the  volume  of  nitrogen,  all 
reduced  to  0°  C.  and  760  m.m.  pressure ;  from  these  may  be  obtained— 

A-B  =  vol.  of  CO^ 
B-C,rt_B  +  C ,      -Tj 


and  hence  the  weight  of  carbon  and  nitrogen  can  be  readOy  found. 

It  is  much  less  trouble,  however,  to  assume  that  the  gas  in  all 
three  st^s  consists  wholly  of  nitrogen  ;  then,  if  A  be  the  weight 
of  the  total  gas,  B  its  weight  after  treatment  with  potassium  hydrate, 
and  C  after  treatment  with  pyrogallate,  the  weight  of  carbon  will 

be  (A-B)=   and   the  weight  of  nitrogen   — ^ — ;    for  the  weights 

of  carbon  and  nitrogen  in  equal  volumes  of  carbon  anliydride  and 
nitrogen,  at  the  same  temperature  and  pressure,  are  as  6  :  14  j  and 
the  weights  of  nitrogen  in  equal  volumes  of  nitrogen  and  nitric  oxide 


*  Whan  the  qouititj  ot  etrboii  it   ttrj  luge  indeed,  tiace*  ot  arbonlc  oidde  aie 

ioiully  preaent  in  the  gu,  and  win  reimin  with  the  idtroEen  HHer  treetount  with 

ne  pynigiilllto.  When  nich  eiceeilTe  qnantitlei  ot  carbon  a™  found,  the  utop^MJok/ 
d  be  olOMd  when  the  iMl  mMmrement  la  made,  the  1aboraton>  laacl  detached. 
id,  and  nplaDed  filled  with  nurcnn.  Introdace  then  &  Uttle  aolvttion  ot  cupTDoa 
nanponlt.  Anj  oaibonlooilda  will  be  absorbed,  ajitf  after 


olnutea  the  ranaiDiog'  nitrogen  maj  be  meaaured.  In  more  than  twaut; 
analrvea  ot  watera  of  Tery  Taijlng  kfndH,  not  a  traoe  of  ciLrbonlc  oxide  was 
of  tha  gaaea  obtaiued  on  combaetion. 
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The  weight  of  I  c.c.  of  nitrogen  at  0°  C.  and  760  m.m.  is  0-001 2562 

gm.,  and  the  formula  for  the   calculation  is  !(i= ■  "-■  ■ — - — — -£- 

"  (1+0-003670760 

in  which  ai=the  weight  of  nitrogen,  v  the  volume,  p  the  presBure 
corrected  for  tension  of  aqueous  vapour,  and  t  the  temperature  in 
degrees  centigrade.  To  facilitate  tliis  calculation,  there  is  given  in 
„  , ,     „  ^,      ,        .^,     .        ,  ,   .,  .  0-0012562 

Table  2  the  loganthmic  value   of   the  expression— —^^^-^—-^ 

for  each  tenth  of  a  degree  from  0°  to  29-9°  C,  and  in  Table  1  (Tables 
1  to  8  are  inserted  at  the  end  of  Part  6)  the  tension  of  aqueous  vapour 
in  miUimetera  of  mercury.  As  the  measuring  tube  is  always  kept 
moist  with  water,  the  gas  when  measured  is  always  saturated  with 
aqueous  vapour. 

The  following  example  will  show  the  precise  mode  of  calculation  : — 


Height  of  meroury  ma,c,d. 


Plus  tension  of  aqueous  vapour 


T^. 


AIMc  abMirptioti 


Deduct  oorrection  tor  capillarity 

0-9 

Add  for  12-2 
capillarity  i 

2-2 

127-1 

160-3 

1667 

im 

VsS^ 

•^im 

Deduct  Hiis  from  height  of  Iw 

127-1 

160-3 

165-7 

TensioD  ot  dry  gM     . 

642-7 

619-5 

6041 

0-0018662 

5-65213 
619724 

1-41875 
5-19709 

1-41875 

{1+0-008670700 

3-19894 

» 

tension  at  drj  gm 

2-80801 

2-79201 

2-78111 

Ix^arithn 

lof  weight  of  gas  calcu 

lated 

uN.  .       . 

3-65788 

T407SS 

i-39680 

0-0002668 

(WX»2494gin. 

From 

these  weights,  thoe< 

of  carbon  and  of  nitrogen 

are  obtained 

by  thou 

se  of  the  formuhe  a 

Mve  men 

tioned.     Thus — 

A -B  =  0-00428 

76 
3 

B  +  C 

Weight  of  nitrogei 

=  0-0005052 

T-2 

-r  7)0-01286 

28 

,  0-0002526 

Weight  of  carbon,  0-001837 


When  carbonic   oxide    is   found,    the   corresponding   weight  of 
nitrogen  may  be  found  in  a  similar  manner,  and  should  be  added 
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to  tliat  corresponding  to  the  carlxinic  auliydrido  Ijcfore  multiplying 
by  ■-  and  must  be  deducted  from  the  weight  correaiwnding  to  the 

volume  after  absorjitioii  of  carbonic  anhydride. 

Afl  it  is  impossible  to  attain  to  absolute  ]>erfection  of  manipulation 
and  materials,  each  analyst  should  make  several  blank  experiments  by 
evaporating  a  liter  of  pure  distilled  water  (B.  a)  with  the  usual 
quantities  of  sulphurous  acid  and  ferrous  chloride,  and,  in  addition, 
O'l  gni.  of  freshly  ignit«d  Rodium  cldoride  (in  order  to  furnish  a 
tangible  residue).  Tlie  residue  should  be  burnt  and  the  resulting  gas 
analyzed  in  the  usual  way,  and  the  average  amounts  of  carbon  and 
nitrogen  thus  obtained  deducted  from  the  results  of  all  analyses.  Tliia 
correction,  which  may  be  about  O'OOOl  giii.  of  C  and  0'00005  gm.  of 
X,  includes  the  errors  due  to  the  im])erfection  of  the  vacuum  produced 
by  the  Sprengel  pump,  nitrogen  retained  in  the  cupric  ojtide, 
ammonia  absorbeil  from  tlie  atmosphwe  during  evaporation,  etc. 

When  the  quantity  of  nitrogen  as  ammonia  exceeds  0-007  part  per 
100,000,  there  is  a  certain  amount  of  loss  of  nitrogen  during  the 
evaporation  by  dissipation  of  ammonia.  This  appears  to  be  very 
constant,  and  is  given  in  Table  3,  which  i»  calculated  from  Table  5, 
which  has  been  kindly  furnished  by  the  late  Sir  E.  Fraukland.  The 
number  in  tliis  table  corresponding  to  the  quantity  of  nitrogen  as 
ammonia  present  in  the  water  analyzed  should  be  added  to  the  amount 
of  nitrogen  found  by  combustion.  Tlie  nuni1)eT  thus  obtained  includes 
tlie  nitrogen  as  ammonia,  and  this  must  be  deducted  to  ascertain  the 
organic  nitrogen.  If  "ammonia"  is  determined  instead  of  "nitrogen 
as  ammonia,"  Table  5  may  be  used. 

"Wjien,  in  oiwrating  upon  sewage,  liydric  metaphosphate  lias  been 
einjiloycd.  Tables  4  or  6  should  be  used. 

Bulra  for  CoDTerting  parts  per  lOO.OOO  into  Oroins  per 
OalloD,  or  the  jeTorse. 

To  convert  parts  jier  100,000  into  grains  per  gallon,  multiply 
byO'7.   - 

To  convert  grains  per  gallon  into  parts  Tier  100,000,  divide 
by  0-7. 

To  convert  grams  .^per  liter  into  "tTains  tier  gallon,  multiply 
by  70. 

6.  Estimation  of  Total  Solid  Matter.— Evajmrate.  over  a  steam 
or  water  bath  half  a  liter  or  a  less  quantity  of  the  water  in  a  platinum 
dish  wliich  has  been  heated  to  redness  and  carefiUly  weighed.  The 
water  should  be  liltered  or  unfiltered,  according  to  the  decision  made 
in  that  res]»ect  at  the  commencement  of  the  analysis.  The  quantity 
to  be  taken  is  regulated  chiefly  by  tlie  amount  of  nitrate  present,  as 
the  residue  from  this  o]H!ratiiiii  is,  with  certain  exceptions,  emjjloyed 
for  the  determination  of  the  nitrogen  as  nitrates  and  nitrites.  As  a 
general  rule,  for  water  HU|)plies  and  river  water  half  a  liter  should  be 
nscil ;  fur  shallow  well  ivaters,   a  ijiiarter  of  a  liter.      (tf  sewages. 
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100  c.c.  ami  of  waters  containing  more  tJum  0'08  part  of  iiitn^en  as 
ammonia  per  100,000,  a  quarter  of  a  Lter  will  generally  be  convenient, 
aa  in  these  cases  the  residue  will  not  be  used  for  tlie  estimation  of 
nitrogen  as  nitrates  and  nitrites ;  and  the  only  point  to  be  considered 
is  to  liave  a  quantity  of  residue  suitable  to  weigh.  It  is  desirable  to 
support  the  platinum  dish  during  evaporation  in  a  glass  ring  with  a 
flange,  shaped  like  the  top  of  a  beaker,  the  cylindrical  part  being 
about  20  m.m.  deep.  This  is  dropped  into  the  metal  ring  on  the 
water-bath,  and  thus  bnes  the  metal  with  glass,  and  keeps  the  dish 
clean.  A  glass  disc  with  a  hole  in  it  to  receive  the  dish  is  not 
satisfactory,  as  drops  of  water  conveying  solid  matter  find  their  way 
across  the  under  surface  from  the  metal  vessel  to  the  dish,  and  thus 
soil  it.  As  soon  as  the  evaporation  is  complete,  the  dish  with  the 
residue  is  removed,  its  outer  aide  wiped  dry  witli  a  cloth,  and  it  is 
dried  in  a  water  or  steam  oven  for  about  three  hours.  It  is  then 
removed  to  a  desiccator,  alloii'ed  to  cool,  weighed  aa  rapidly  aa  ixtssible, 
returned  to  the  oven,  and  weighed  at  intervals  of  an  hour,  until 
lietween  two  successive  weighings  it  has  lost  less  than  0-001  gin. 

e.  Estimation  of  Hitrogeii  as'ITitratea  and  NitriteB.— 
The  residue  obtained  in  the  preceding  operation  may  be  used  for  this 
estimation.  Treat  it  with  about  30  c.c.  of  hot  distilled  water,  taking 
care  to  submit  the  whole  of  the  residue  to  its  action.  To  ensure  this 
it  is  advisable  to  rub  tlie  disli  gently  with  the  linger,  so  as  to  detach 
the  solid  matter  as  far  as  possible,  and  facilitate  tlie  solution  of  the 
soluble  matters.  The  linger  may  be  covered  by  a  caoutohouc  linger-stalL 
Then  filter  through  a  very  small  filter  of  Swedish  paper,  washing 
the  dish  several  times  with  small  quantities  of  hot  distilled  water. 

The  filtrate  must  be  evaporated  in  a  very  small  Ixtaker,  over 
a  steam  bath,  until  reduced  to  about  1  c.c,  or  even  to 
<lryness.  This  concentratied  solution  is  introduced  into  tlie 
glass  tube  shoivn  In  fig.  68,  standing  in  the  porcelain  mercury 
trough,  tilled  up  to  the  stop-cock  with  mercury.  (If  the 
nitrometer  of  Lunge  is  used  in  place  of  Crum's  tube,  the 
use  of  the  lalwratory  tube  and  gas  api>aratus  is  avoideil.) 
The  tube  is  210  m.m.  in  total  length  and  15  m.m.  in 
internal  diameter.  By  pouring  the  liquid  into  the  cup  at  the 
top,  and  then  cautiously  opening  the  stop-cock,  it  may  bo  run 
into  the  tube  without  admitting  any  air.  The  beaker  is 
rinsed  once  with  a  very  little  hot  distilled  water,  and  then 
two  or  three  times  with  stroug  sulphuric  acid  (C.  a),  the 
volume  of  acid  lieing  to  that  of  the  aqueous  solution  alwut  >is 
3  :  2.  The  total  volume  of  acid  and  water  shouM  be  about 
6  c.c.  Should  any  air  by  chance  be  admitted  at  this  stage, 
it  may  readily  l>e  removed  by  suction,  the  lips  being  apjilied 
to  the  cup.  With  care  there  is  but  little  danger  of  getting 
aciil  into  the  mouth. 

In  a  few  cases  carljonic  anhydride  is  given  ofl'  on  addition 
of  sulphuric  acid,  and  must  be  sucked  out  before  proceeding. 
Fig.  W.       ^'ow  grasp  the  tube  firmly  in  the  liand,  closing  the  oiieii 
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end  by  the  thumb,  which  should  be  first  moistened ;  withdraw  it 
from  the  trough,  inchne  it  at  an  angle  uf  about  46°,  the  cup  pointing 
from  you,  and  shake  it  briskly  ifith  a  rapid  motion  in  the  direction  of 
its  length,  so  as  to  throw  the  mercury  up  towards  the  stop-cock. 
After  a  very  little  practice  there  is  no  danger  of  the  acid  finding  its 
way  down  to  the  thumb,  the  mixture  of  acid  and  mercury  being  con- 
fined to  a  comparatively  small  portion  of  the  tube.  In  a  few  aeconds 
some  of  the  mercury  becomes  very  finely  divided  ;  and  if  nitrates  be 
present,  in  about  a  minute  or  less  nitric  oxide  is  evolved,  exerting  a 
strong  pressure  on  the  thumb.  Mercury  is  allowed  to  escape  as  the 
reaction  proceeds,  by  partially,  but  not  wholly,  relaxing  the  pressure 
of  the  thumb.  A  slight  excess  of  pressure  should  be  maintained 
within  the  tube  to  prevent  entrance  of  air  during  the  agitation,  which 
must  be  continued  until  no  more  gas  is  evolved. 

When  the  quantity  of  nitrate  is  very  large,  the  mercury,  on  shaking 
breaks  up  into  irregular  masses,  which  adhere  to  one  another  as  if 
alloyed  with  lead  or  tin,  and  the  whole  forms  a  stiff  dark-coloured 
paste,  which  it  is  aometimes  very  difficult  to  shake ;  but  nitric  oxide 
is  not  evolved  for  a  considerable  time,  then  comes  off  slowly,  and 
afterwards  with  very  great  rapidity.  To  have  room  for  the  gas 
evolved,  the  operator  diould  endeavour  to  shake  the  tube  so  as  to 
employ  as  little  as  possible  of  the  contained  mercury  in  the  reaction. 
At  the  close  of  the  operation  the  finely  divided  mercury  will  consist 
for  the  most  part  of  minute  spheres,  the  alloyed  appearance  being 
entirely  gone.  An  experiment  with  a  lai^  quantity  of  nitrate  may 
oft«n  be  saved  from  loss  by  firmly  resisting  the  esca[>e  of  mercury, 
shaking  until  it  is  judged  by  the  appearance  of  the  contents  of  the 
tube  that  the  reaction  is  complete,  and  then  on  restoring  the  tube  to 
the  mercury  trough,  allowing  the  finely-divided  mercury  also  to  escape 
in  part.  If  the  gas  evolved  be  not  more  than  the  tube  will  hold,  and 
there  be  no  odour  of  pemitric  oxide  from  the  escaped  finely-divided 
mercury,  the  operation  may  be  considered  successful.  If  the  amount 
of  nitrate  be  too  large,  a  smaller  quantity  of  the  water  must  be 
evaporated  and  the  operation  repeated.  When  no  nitrate  is  present, 
the  mercury  usually  manifests  very  little  tendency  to  became  divided, 
that  which  does  so  remains  bright,  and  the  acid  liquid  does  not  become 
so  turbid  as  it  does  in  other  cases. 

The  reaction  completed,  the  tube  is  taken  up  closed  by  the  thumb, 
and  the  gas  is  decanted  into  the  laboratory  vessel,  and  measured  in  the 
usual  way  in  the  gas  appaiatus.  The  nitjric  acid  tube  is  of  such 
a  length,  that  when  the  cup  is  in  contact  with  the  end  of  the  mercury 
trough,  the  open  end  is  just  under  the  centre  of  the  laboratory  vessel. 
If  any  acid  has  been  expelled  from  the  tube  at  the  close  of  the 
shaking  operation,  the  end  of  the  tube  and  the  thumb  should  be  washed 
with  water  before  introducing  into  the  mercury  trough  of  the  gaa 
apparatus,  so  as  to  remove  any  acid  which  may  be  adhering,  which 
would  destroy  the  wood  of  the  trough.  Before  passing  the  gas  into 
the  measuring  tube  of  the  gas  apparatus,  a  little  mercury  should  be 
allowed  to  run  over  into  the  laboratory  vessel  to  remove  the  acid  from 
the  entrance  to  the  capillar)'  tube, 
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As  nitric  oxide  contains  half  its  volume  of  nitrogen,  if  half  a  liter 
of  water  lias  been  employeJ,  the  volume  of  nitric  oxide  obtained  will 
be  equal  to  the  volume  of  nitrmjen  present  as  nitrates  and  nitrites  in 
one  liter  of  the  water,  and  the  weight  of  the  nitrogen  may  be 
calculated  as  directed  in  the  paraf^raph  on  the  estimation  of  organic 
carbon  and  nitrogen. 

When  more  than  0'08  part  of  nitrogen  as  ammonia  is  present  in 
100,000  parts  of  liquid,  there  is  danger  of  loss  of  nitrogen  by 
decomposition  of  ammonium  nitrite  on  evaporation ;  and  therefore 
the  residue  from  the  estimation  of  total  solid  matter  cannot  be  used. 
In  such  cases  acidify  a  fresh  quantity  of  the  liquid  with  dilute  hydric 
sulphate,  add  solution  of  potassium  permanganate,  a  little  at  a  time, 
until  the  pink  colour  remains  for  about  a  minute,  and  render  the 
liquid  just  alkaline  to  litmus  paper  with  sodium  carbonate.  The 
nitrites  present  will  then  be  converted  into  nitrates  and  may  be 
evaporated  without  fear  of  loss.  Use  as  little  of  each  reagent  aa 
possible.  Sewage  may  be  examined  in  this  way;  but  it  is  hardly 
necessary  to  attempt  the  determination,  as  sewage  is  almost  invariably 
free  from  nitrates  and  nitrites.  Out  of  several  hundred  specimens, 
the  writer  only  found  two  or  three  which  contained  any,  and  even 
then  only  in  very  small  quantity. 

7.  Estimation  of  Nitrogen  OB  nitrates  and  Nitrites  in 
Waters  containing  a  very  large  quantity  of  Soluble  Matter, 
vlth  but  little  Ammonia  or  Organic  Nitrogen. — When  the 
quantity  of  soluble  matter  is  excessive,  as,  for  example,  in  searwater, 
the  preceding  method  is  inapplicable,  as  the  solution  to  be  employed 
cannot  be  reduced  to  a  sufficiently  small  bulk  to  go  into  the  shaking 
tube.  If  the  quantity  of  organic  nitrogen  be  lees  than  0*1  part  in 
100,000  the  nitrogen  as  nitrates  and  nitrites  may  generally  be 
determined  by  the  following  modification  of  Schulze's  method 
devised  by  E.  T.  Chapman.  To  200  c.c.  of  the  water  add  10  c.c. 
of  sodium  hydrate  solution  (C.  «),  and  boil  briskly  in  an  open 
porcelain  dish  until  it  is  reduced  to  about  70  c.c.  When  cold  pour 
the  residue  into  a  tall  glass  cychnder  of  about  120  c.c.  capacity,  and 
rinse  the  dish  with  water  free  from  ammonia.  Add  a  piece  of 
aluminium  foil  of  about  15  sq.  centim.  area,  loading  it  with  a  piece  of 
clean  glass  rod  to  keep  it  from  floating.  Close  the  mouth  of  the 
cylinder  with  a  cork,  bearing  a  small  tube  filled  with  pumice  (C,  f), 
moistened  with  hydric  chloride  free  from  ammonia  (C.  it). 

Hydrogen  will  speedily  be  given  off  from  the  surface  of  the 
aluminium,  and  in  five  or  six  hours  the  whole  of  the  nitrogen  aa 
nitiates  and  nitrites  will  be  converted  into  ammonia.  Transfer  to 
a  emaU  retort  the  contents  of  the  cylinder,  together  with  the  pumice, 
washing  the  whole  apparatus  with  a  little  water  free  from  ammonia. 
Distil,  and  estimate  ammonia  in  the  usual  way  with  Neeeler  solution. 
It  appears  impossible  wholly  to  exclude  ammonia  from  the  regents 
and  apparatus,  and  therefore  some  blank  experiments  should  be  made 
to  ascertain  the  correction  to  be  applied  for  this.  This  correction  is 
very  small,  and  appears  to  be  nearly  constant. 
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8.  Estimation  of  Nitrates  as  Ammonia  by  the  Copper- 
sino  Couple. — It  in  well  known  that  when  zinc  is  immersed    in 

copper  sulphate  solution  it  becomes  coverei!  with  a  spongy  deposit  of 
precipitatei!  copper.  If  the  solution  of  copper  sulphate  lie  sufficiently 
dilute,  this  deposit  of  copper  is  black  in  colour  and  firmly  adherent 
to  the  zinc.  It  is,  however,  not  so  generally  known  that  the  rtne 
upon  wliich  copper  has  thus  been  deposited  possesses  the  [)Ower  of 
decomposing  pure  distilled  water  at  the  ordinary  temperature,  and 
that  it  is  capable  of  effecting  many  other  decompositions  which  zinc 
alone  cannot.  Among  theee  is  the  decomposition  of  nitrates,  and  the 
transformation  of  the  nitric  acid  into  ammonia.  Gladstone  and 
Tribe  have  shown  that  the  action  of  the  "copper-zinc  couple"  (as 
they  call  the  conjoined  metals)  upon  a  nitre  solution  consists  in  the 
electrolysis  of  the  nitre,  resulting  in  the  lilieration  of  hydrogen  and 
the  fonuation  of  zinc  oxide.  This  hydrogen  is  liberatet!  upon  and 
occluded  by  the  spongy  copj>er,  and  when  thus  occluded,  it  is  capable 
of  reducing  the  nitre  solution  in  its  vicinity.  The  nitrate  is  lirst 
reduced  to  nitrite,  and  the  nitrous  acid  is  subsequently  ttansfonned 
into  ammonia  by  the  further  action  of  the  hydrt^en.  M.  W.  Williams 
has  shown  (J.  C.  S.  1881,  100)  tliat  even  in  very  dihite  solution."  of 
nitre  the  nitric  acid  can  be  completely  converted  into  ammonia  in  this 
manner  with  considerable  rapidity ;  and  further,  that  the  reaction 
may  be  greatly  ha.itened  hy  taking  advantage  of  tlie  influence  of 
temperature,  acids,  and  certain  neutral  salts,  which  increase  the 
electrolytic  action  of  the  couple.  His  exjieriments  prove  that  carbonic 
acid— feeble  acid  as  it  is — suffices  to  tri'ble  the  speed  of  the  reaction, 
and  that  traces  of  sodium  chloride  (O'l  |)er  cent.)  accelerated  it  nearly 
as  much  as  carlmnic  acid.  A  rise  of  a  few  degrees  in  temperature 
was  also  found  to  hasten  the  reaction  in  a  very  marked  degree.  The 
presence  of  alkalies,  alkaline  earths,  and  salts  having  an  alkaline 
reaction,  was  found  to  retard  the  speed  of  the  reduction. 

Williams  has,  upon  those  experiments,  found  a  simple  and 
expeditious  process  for  estimating  the  nitric  and  nitrous  acid  in  water 
analysis,  which,  when  used  with  skill,  may  be  applied  to  by  far  the 
greater  number  of  waters  with  which  tJie  analyst  is  usually  called  upon 
to  deal  (Ajialysf,  1881,  36).  Tlie  requisite  copper-zinc  couple  is 
prepared  in  the  following  manner: — The  zinc  employed  should  be 
clean,  and  for  the  sake  of  convenience  should  be  in  the  form,  of  foil  or 
verj-  thin  sheet.  It  should  Ire  introduced  into  a  flask  or  bottle,  and 
covered  with  a  solution  of  copper  sulphate,  containii^  about  3  per 
cent,  of  the  crystallized  salt,  which  should  Ije  allowed  to  remain  upon 
it  nntil  a  copious,  firmly  adherent  coatiTig  of  black  copper  has  h&m 
dcpositeth  Tbia  <le](osition  should  not  he  pushed  too  far,  or  the 
eopjier  will  lie  so  easily  detached  that  the  couple  cannot  l)e  wosheji 
without  inijmiring  its  activity.  Wlien  sufficient  cop|(er  has  been 
dep<isited  the  solutiiin  should  be  i>oured  off,  and  the  conjoined 
metals  washed  with  distilled  wat<'r.  The  ivet  couple  is  then  ready 
for  use. 

To  use  it  for  the  estimation  of  nitratow  it  should  1*  made  in  a  wide- 
mouthed  stoppered  Itottlc.     After  wasbiiiii,  it  is  soaked  with  distilled 
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water ;  tu  dieplace  tliis,  it  is  first  washed  with  some  of  the  water  to 
be  analyzed,  and  the  l)ottle  filled  up  with  a  further  quantity  of  the 
water,  The  stopper  is  then  inserted,  and  the  bottle  allowed  to  digest 
in  a  warm  place  for  a  few  hours.  If  the  bottle  be  well  filled  and 
stoppered,  the  temperature  may  be  raised  to  30°  C,  or  even  higher, 
without  any  fear  of  loeing  ammonia.  The  reaction  will  then  proceed 
very  rapidly ;  but  it  it  be  desireil  to  hasten  the  reaction  still  more,  a 
little  BtJt  should  be  added  (about  O'l  gm.  to  every  100  c.c),  or  if  there. 
be  any  objection  to  this,  tlie  water  may  have  carboniu  acid  passed 
through  it  for  a  few  minutes  before  it  is  poured  upon  the  couple.  In 
the  case  of  calcareous  waters,  the  same  hastening  effect  may  be 
obtained,  and  the  lime  may  at  the  same  time  be  removed  by  adding  a 
very  little  pure  oxalic  acid  to  the  water  before  digesting  it  upon  the 
couple.  Williams  has  shown  tliat  nitrous  acid  always  remained  in 
the  solution  until  the  reaction  was  finished.  By  testing  for  nitrous 
acid  the  completeness  of  the  reaction  may  be  ascertained  with 
certainty,  and  perhaps  the  most  delicate  test  that  can  bo  applied  for 
this  purpose  is  that  of  Griess,  in  which  metaphenylene-diamine  is 
the  reagent  employed.  When  a  solution  of  this  substance  is  added  to 
a  portion  of  the  fluid,  and  acidified  with  sulphuric  acid,  a  yellow 
colouration  is  produced  in  about  half  an  hour  if  the  least  trace  of  a 
nitrite  be  present.  The  reaction  easily  detects  one  part  of  nitrous 
acid  in  ten  millions  of  water.  When  no  nitrous  acid  is  found,  the 
water  is  poured  off  the  couple  into  a  stoppered  bottle,  and,  if  turbid, 
allowed  to  subside.  A  portion  of  the  clear  Suid,  more  or  less  according 
to  the  concentration  of  the  nitrates  in  the  water,  is  put  into 
a  Nessier  glass,  diluted  if  necessary,  and  titrated  with  Nesslet's 
re-agent  in  the  ordinary  way. 

This  process  may  be  used  for  the  majority  of  ordinary  waters — for 
those  that  are  coloured,  and  those  that  contain  m^uesium  or  otiier 
substances  sufficient  to  interfere  with  the  Nesaler  reagent,  a  portion 
of  the  fluid  ponred  off  the  couple  should  be  put  into  a  small  retort,  and 
distilled  with  a  little  pure  lime  or  sodium  carbonate,  and  the  titration 
of  the  ammonia  ]ierforme<l  u|)on  the  distillates. 

About  one  square  decimeter  of  zinc  should  be  used  for  every  200  c.c. 
of  a  water  containing  five  parts  or  less  of  nitric  acid  in  100,000.  A 
large  proportion  should  lie  used  with  waters  richer  in  nitrates.  The 
couple,  after  washing,  may  be  used  for  two  or  three  waters  more. 
When  either  carbonic  or  oiulic  or  any  other  acid  has  been  added  to 
the  water,  a  larger  proportion  of  Nessier  reagent  should  be  employed 
in  titrating  it  than  it  is  usual  to  add.  3  c.c.  to  100  of  the  water  are 
BuflScient  in  almost  all  cases. 

Blunt  {Analygt  vi.  202)  points  out  that  the  aboye  process  may  be 
used  without  distillation,  and  with  accuracy,  in  the  case  of  any  water, 
by  adding  oxalic  acid  to  a  double  q<untity  of  the  sample,  dividing, 
and  using  one  portion  (clarified  completely  by  subsidence  in  a  closely 
stoppered  bottle)  as  a  comparison  liquid  for  testing  against  the  other, 
which  has  been  treated  with  the  copper-zinc  couple.  When  dilution 
is  used  it  must  be  done  in  both  portions  equally.  This  plan  possesses 
the  advantages  that  an  equal  turbidity  is  produced  by  Nessier  in  both 
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portions,  and  any  traces  of  ammoma  contained  in  the  oxalid  acid  will 
have  the  error  due  to  it  corrected. 

A  convenient  method  for  this  process  is  mentioned  by  Keating 
Stock  as  follows: — A  wide-mouthed  stoppered  bottle  holding  about 
200  B.C.  is  filled  nearly  to  the  neck  with  granulated  zinc.  "VVater  is 
added,  then  a  few  drops  of  1  to  3  of  snlphuric  acid  and  10  c.c.  of  3  per 
cent  solution  of  copper  sulphate.  The  stopper  is  inserted,  and  the 
bottle  is  vigorously  shaken  for  one  minute,  during  which  time  the 
stopper  is  held  by  a  finger,  and  the  operation  is  performed  over  the 
sink.  The  stopper  is  now  removed,  and  the  mouth  of  the  bottle  is 
covered  with  a  piece  of  soft  copper  gauze.  The  couple  is  then 
thoroughly  washed  at  the  tap  and  drained.  100  c.c.  of  the  water  to 
be  analyzed  are  placed  in  the  bottle ;  the  stopper  is  securely  inserted, 
and  the  arrangement  is  allowed  to  stand  at  rest  at  a  temperature  of 
from  20  to  25°  C.  for  i8  hours.  The  test  is  completed  by  thoroughly 
shaking  the  bottle,  drawing  off  50  c.c.  of  the  water,  adding  this  to 
200  c.c.  of  ammonia  free  water  in  a  retort  or  flask,  running  in  5  c.c. 
saturated  sodium  carbonate,  distilling  and  nesslerizing  as  usual.  This 
process  has  been  found  correct  between  the  limits  of  0-0863  and  4'181 
grains  of  nitric  nitrogen  per  gallon,  when  pure  potassium  nitrate  was 
used  in  solution  in  ammonia-free  distilled  water.  The  couple  when 
washed  and  recoppered  is  again  ready  for  use.  These  couples  will  last 
for  many  months,  and  their  convenience  will  be  obvious  to  any  one 
who  has  had  to  clean  and  prepare  a  number  of  zinc  foils  at  one 
operation.  It  will  be  well  to  add  that  all  new  stoppered  bottles 
intended  for  this  purpose  should  have  their  stoppers  carefully  reground 
into  the  necks  with  a  little  fine  emery  and  dilute  sulphuric  acid. 

In  calculating  the  amount  of  nitric  acid  contained  in  a  water  from 
the  amount  of  ammonia  obtained  in  this  process,  deductions  must  of 
course  be  made  for  any  ammonia  pre-existing  in  the  water,  as  well  aa 
for  that  derived  from  any  nitrous  acid  present. 

B.    Estimation  of  HltrlteB  by  O-i-ieBa's  Method.— 100  cc. 

of  the  water  are  placed  in  a  Nessler  glass,  and  1  c.c.  each  of 
met«phenylene-diamine  and  dilut*  acid  (p.  422)  added.  If  colour 
is  rapidly  produced  the  water  must  be  diluted  with  distilled  water 
free  from  N^jO,,,  and  other  trials  made.  The  dilution  is  sufficient 
when  colour  is  plainly  seen  at  the  end  of  one  minute.  The  veak 
pohit  of  the  process  is  that  the  colour  is  progressively  developed; 
however,  this  is  of  little  consequence  if  the  comparison  with  standard 
nitrite  is  made  under  the  same  conditions  of  temperature,  dilution,  and 
duration  of  experiment.  Twenty  minutes  is  a  sufficient  time  for 
allowing  the  colours  to  develop  before  final  comparison. 

M.  \V,  Williams  obviates  the  uncertainty  of  the  comparison  teste 
by  using  colourless  Nesaler  tubes,  30  m.in.  wide  and  200  nim.  long, 
graduated  into  millimeters.  They  are  used  as  follows: — The  com- 
parison of  the  water  to  be  examined  with  the  standard  nitrite  ia 
roughly  ascertained ;  the  glasses  are  then  fiDed  to  the  same  height, 
and  the  test  added,  and  allowed  to  stand  a  few  miuutes.  Usually 
one  will  be  somewhat  deeper  than  the  other.       The  height  of   the 
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deeper-coloured  liquid  is  read  off  on  the  scale,  and  a  portion  removed 
with  a  pipette,  imtil  the  colonre  correspond.  The  amount  of  N^Og  in 
the  shortened  column  is  taken  as  equal  to  the  uther,  ivben  a  simple 
calculation  will  show  the  amount  sought.  Stokea'  colorimeter  is 
useful  for  this  purpose. 

10.  Estumatioii  of  Nitrites  by  OriesS'IlOBTay  Method.— 
"Warington  {/.  0.  S.  1881,  231)  has  drawn  attention  to  this  test, 
originallj'  devised  hy  Griess,  and  which  is  of  such  extreme  delicacy, 
tliat  by  its  means  it  is  possible  to  detect  one  part  of  NjOg  in 
a  thouaand  millions  of  water.  ■ 

Ilosvay  has  improvetl  this  test  by  using  acetic  acid  instead  of  a 
mineral  acid.  The  colour  is  more  intense  and  more  rapidly  developed. 
(1)  0"5  gm.  of  sulphanilic  acid  is  dissolved  by  heat  in  150  c.c.  of  dilute 
acetic  acid,  (2)  heats  0^1  gm.  of  a-naphthylamine  with  20  c.c.  of  strong 
acetic  acid,  pours  off  the  colourless  solution,  and  mixes  it  with  130 c.c, 
of  dilute  acetic  acid.  These  two  solutions  are  kept  separate  and  when 
required  for  use  equal  portions  are  mixed,  thus  gaining  the  advantage 
of  having  a  single  reagent  instead  of  two,  and  one  which  indicates  by 
its  colour  whether  it  has  become  contaminated  by  nitrous  acid  derived 
from  the  air.  The  mixture  is  not  affected  by  light,  but  should  be 
protected  from  the  air.  It  is  preferable  to  mix  the  solutions  only  in 
smalt  quantities,  and  keep  the  remaining  solutions  separate  until 
wanted. 

This  test  is  almost  too  delicate  to  be  used  quantitatively,  but  it 
may  be  done  as  follows : — ■ 

5  dc.  of  standard  nitrite  solution,  1  u.c— 001  m.gm.  N1O3,  are  mixed  with 
46  c.c  of  pure  distilled  water  in  a.  Nessler  glass,  and  2  c.c.  of  the  miied 
solutions  as  described  above  added. 

Inaaimilar  ^esaler  glass  50  c.c.  of  the  water  to  be  examined  are  placed  and 
2  c.c.  of  the  mixed  Bolutioaa  added. 

Both  are  allowed  to  stand  for  15  minutes  before  the  pink  colours  are  compared. 
Then  the  comparison  b  ascertaiDed  as  described  in  the  metapben/lioe-diamina 
method  (9.) 

For  the  estimation  of  nitrous  nitrogen  in  sulphuric  acid  a  standard 
solution  is  prepared  as  follows  :^ 

COldS  gm.  of  pure  sodium  nitrite  which  contoius  001  gm.of  N  is  dissolved  in 
100  c.c.  water,  and  10  c.c.  of  this  colutioo  is  drop  by  drop  added  to  90  0,0.  of 
pare  sulphuric  acid  ;  the  resulting  nuxture  contains  y^  m.gni.  of  nitrous 
nitrogen  in  a  perfectly  stable  form.  Two  Nessler  glasses  are  used,  and  each 
receives  1  c.c.  of  the  standard  solutiou,  40  c.c.  of  water,  and  about  5  gm.  of  solid 
sodium  acetate.  To  one  of  these  Is  added  1  c.c.  of  the  standard  solution  and  the 
other  1  c.c.  of  the  acid  to  be  tested,  then  well  mixed,  and  after  10  minutes  the 
colours  compared.    It  they  do  not  correspond,  the  more  strongly  coloured  liquid 


1 1 .  Estimation  of  Nitrites  b;  Potassium  Iodide  and  Starch.— 

Ekin  has  pointed  out  {Pkarm.  Trans.  1881,  286)  that  this  weJI-knowQ 
test  will  give  the  blue  colour  with  nitrous  acid  in  a  few  minutes,  when 
the  proportion  is  one  part  in  ten  millions ;  in  twelve  hours  when  one 
part  in  a  hundred  millions ;  and  in  forty.eight  hours  when  one  in  a 
thousand  millions.     Experience  has  proved  that  waters  chained  with 
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much  oi^uic  matter  must  l)e  clarifieil  by  tlie  addition  of  a  little  pure 
alum,  then  well  agitated  and  filtered  before  testiii);. 

Ekin  used  acetic  acid  for  acidifyiii),'  the  water  to  be  tested,  anil 
blank  experiments  with  pure  water  were  simultaneously  carried  on. 
fjulpliuric  or  hydrnclUoric  acid  will,  no  doubt,  give  a  sliarjwr  reaction, 
but  both  these  acids  are  mure  liable  to  contain  impurities  affecting  the 
reaction  tlian  is  the  case  with  pure  acetic  acid.  Uwing  to  the  instability 
of  alkaline  iodides,  kIuc  iodide,  however,  is  not  open  to  this  objection, 
and  is  now  generally  used. 

IS.    Sstiiiistioa  of  SuBpeaded  Matter,— Filters   of   SwedLsK 

paper,  abont  110  ni.iu.  in  diameter,  are  )iacked  one  inside  another, 
alwut  15  or  20  together,  so  tliat  water  will  (mss  through  the  whole 
group,  nu)istcncd  with  dilute  hydrtK'hloric  acid,  washed  with  hot 
distilled  water  until  the  washings  cease  to  contain  chlorine,  an<l 
dried.  Tl)c  asli  of  the  jiajier  is  thus  reduced  by  aliout  60  per  cent., 
and  must  be  detemiiiu'd  for  each  i>arcel  of  lilter-i»i>er  by  incinerating 
10  filters,  an<l  weighing  the  ash.  For  use  in  ei^timating  suspended 
matter,  these  washed  tillers  must  l>e  dried  for  seveial  hours  at 
120-130"  C,  and  eacli  one  then  weighed  at  intervals  of  an  hour  nntil 
the  weight  ceases  to  diminish,  or  at  least  until  the  loss  of  weight 
between  two  consecutive  weigliings  doe.i  not  exceeil  0'0003  gm.  It  is 
moat  convenient  to  enclose  the  filter  during  weighing  in  two  short 
tubes,  Httitig  closely  one  into  the  other.  The  closed  ends  of  test 
tubes,  50  m.m.  long,  cut  off  by  leading  a  crack  round  with  the  aid  of 
a  [lastille  or  very  small  gas  jet,  the  sharj)  edges  being  afterwards  fused 
at  the  blow-pi]>p,  answer  perfectly.  Each  pair  of  tulKis  should  hft\-e  a 
distinctive  numlwr,  which  is  marked  with  a  diamond  on  both  tubes. 
In  the  air  1>ath  they  should  rest  in  grooves  formed  by  a  folded  sheet 
of  pajier,  the  tul)es  being  drawn  apart,  and  the  filter  almost,  but  not 
quite,  out  of  the  smaller  tulie.  They  con  then  be  shut  up  wliilst  hot 
by  gently  pushing  the  tubes  together,  being  guided  by  the  groovet.1 
pa))er.  They  require  to  remain  about  twenty  minutes  in  a  desiccator 
to  cool  before  weighing.  Filtration  will  )>e  much  accelerated  if  the 
filters  be  ribbed  before  drying.  As  a  general  rule,  it  will  I>e  sufficient 
to  filte.r  a  quarter  of  a  liter  of  a  s<!wage,  lialf  a  liter  of  a  highly 
polluted  river,  an<l  a  liter  of  a  less  polluted  water ;  but  this  must  he 
frequently  varied  to  suit  individual  cases.  Filtration  is  hastened,  and 
trouble  diminished,  by  putting  the  liipiid  to  be  filtered  into  a  narrow- 
necked  flask,  which  is  inverted  into  the  filter,  bi-uig  supported  by  a 
funnel-stand,  the  ring  of  which  has  a  slot  cut  through  it  to  allow  the 
neck  of  the  finsk  to  iiass.  Witli  practice  the  inversion  may  be 
accomiilished  without  loss,  and  without  previously  closing  the  mouth 
of  the  flask.  \Mien  oil  has  passed  through,  the  fiask  should  be 
rinsed  out  with  distilled  water,  and  the  rinsings  added  to  the  filter. 
Thus  any  |virticles  of  solid  matter  left  in  the  flask  are  secured,  and 
the  liquid  adhering  to  the  suspended  matter  and  filter  is  displaced. 
The  filtrate  from  the  washings  shouhl  not  be  aildetl  to  the  previous 
filtrate,  which  may  be  employed  for  <lcterrai nation  of  total  solid 
matter,  chlorine,  haniness,  etc. 
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Thus  washed,  the  filter  with  the  matter  upon  it  is  dried  at  100°  C, 
then  transferred  from  the  fiinnel  to  the  same  pair  of  tubes  in  whicli  it 
was  previously  weighed,  and  the  operation  of  drying  at  120°-  130°  C. 
and  weighed  repeatedly  until  constant.  The  weight  thus  obtained, 
minus  the  weight  of  the  empty  filter  and  tubes,  gives  the  weight  of 
the  total  suspended  matter  di'ied  at  120°  -  130°  C. 

To  ascertain  the  quantity  of  mineral  matter  in  this,  the  filter  with 
its  contents  is  incincrateil  in  a  platinum  crucible,  and  the  total  ash 
thus  determined,  minus  the  ash  of  the  filter  alone,  gives  the  weight  of 
the  mineral  suspen<le<l  matter. 

13.  Estimation  of  Chlorine  present  as  Chloride,— To  50  c.c. 
of  the  water  add  two  or  three  droits  of  solution  of  potassium  chroniate 
{D.  /3),  so  as  to  give  it  a  faint  tinge  of  yellow,  and  add  gradually  from 
a  burette  standard  solution  of  silver  nitrate  (D.  a),  until  the  red  silver 
chromate  which  forms  after  each  addition  of  tlie  nitrate  ceases  to 
disappear  on  sliaking.  The  numlwr  of  ex.  of  silver  solution  employed 
will  express  the  chlorine  present  as  chloride  in  parts  in  100,000.  If 
this  amount  he  much  more  than  10,  it  is  advisable  to  take  a  smaller 
quantity  of  water. 

If  extreme  accuracy  be  nucussary,  after  completing  a  determuiation, 
deatToy  the  slight  red  tint  by  an  excess  of  a  soluble  chloride,  and 
repeat  the  estimation  on  a  fresh  quantity  of  the  water  iu  a  similar 
flask  placed  by  the  aide  of  the  former.  By  comparing  the  contents  of 
the  flasks,  the  first  tinge  of  red  in  the  second  flask  may  be  detected 
with  great  accuracy.  It  is  absolutely  necessary  that  the  liquid 
examined  slmuld  not  bo  acid,  unless  with  carbonic  acid,  nor  more  than 
very  aliglitly  alkaline.  It  must  also  be  colourless,  or  nearly  so.  These 
conditions  are  generally  found  in  watera,  but,  if  not,  they  may  l>e 
brought  about  in  most  cases  by  rendering  the  liquid  just  alkaline  with 
lime  water  (free  from  chlorine),  passing  carbonic  anhydride  Ui 
saturation,  boiling,  and  filtering.  The  calcium  carbonate  has  a 
powerful  clarifying  action,  and  the  exces.'j  of  alkali  is  exactly 
neutralized  hy  the  carliouic  aidiydride.  If  thia  is  not  successful,  the 
water  must  he  rendered  alkaline,  evaporated  to  drj'oess,  and  the 
residue  gently  heated  to  destroy  oi^nie  matter.  Tlie  chlorine  may 
then  be  extracted  with  water,  and  estimated  in  the  ordinary  way 
either  gravimetrically  or  volu metrically. 

14.  Estimation  of  Hardness. —The  following  method,  devised 
by  the  late  Dr.  Thomas  Clark,  of  Aherileen,  is  in  general  use  ;  and 
from  its  ease  and  rapidity  is  of  some  value,  though  it  can  liardly  he 
called  accurati'.  (For  estimating  the  hardness  of  waters  without  soap 
solution  see  page  70.) 

Uniformity  in  conducting  it  is  of  great  importance;  cKjiecially  the 
titration  of  the  soap  solution,  and  the  estimation  of  the  liardness  of 
waters  should  be  [lerfornied  in  precisely  similar  ways. 

Measure  50  c  c.  of  the  water  into  a  well-stop])ere<l  bottle  of  about 
250  c.c.  capacity,  sliake  briskly  for  a  few  seconds,  and  suck  the  air 
from  the  bottle  by  means  of  a  glass  tube,  in  order  to  remove  any 
carbonic  anhydride  which  may  liave  been  liberated  from  the  water. 
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Add  standard  soap  solution  (S.  fi)  from  a  burette,  one  c.c.  at  a  time 
at  firat,  and  smaller  quantities  towards  the  end  of  the  operation, 
shaking  well  after  each  addition,  until  a  soft  lather  is  obtained,  which, 
if  the  bottle  is  placed  at  rest  on  its  side,  remains  nontinuous  over  the 
wliule  surface  for  five  ininutes.  The  soap  should  not  be  added  in 
larger  quantities  at  a  time,  even  when  the  volume  required  is 
approximately  known.     This  is  very  important. 

\Vhen  more  than  16  c.c.  of  soap  solution  are  required  by  50  c.c.  of 
the  water,  a  less  quantity  (as  25  or  10  c.c.)  of  the  latter  should  be 
taken,  and  made  up  to  50  c.c.  witii  recently  boiled  and  cooled  distilled 
water,  so  that  less  than  16  c.c.  of  soap  solution  will  suffice,  and  the 
number  expressing  the  harilnesa  of  the  diluted  water  multiplied  by 
3  or  5,  as  the  case  may  be. 

When  the  water  contains  much  magnesium,  which  may  be  known 
by  the  lather  having  a  peculiar  curdy  appearance,  it  should  he  diluted, 
if  necessary,  with  distilled  water,  until  less  than  7  c.c.  are  required 
by  50  C.C. 

The  volume  of  standard  soap  solution  required  for  50  c.c.  of  the 
water  being  known,  the  weight  of  calcium  carbonate  (CaCO,)  corre- 
sponding to  this  may  be  ascertained  from  Table  7* : — 

When  water  containing  calcium  and  magnesium  carbonates,  held  in 
solution  by  carbonic  acid,  is  boiled,  carbonic  anhydride  is  exijelled, 
and  the  carbonates  precipitated.     The  hardness  due  to  these  is  said  to 

*Ths  teble  is  caJcnlatsd  Irom  that  origliAl];  couattncteil  b;  Dr.  Clark,  which  la  u 
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be  temjioi-ary,  whilst  tliat  due  to  sulpliates,  chlorides,  etc.,  and  to  the 
amount  of  carbonates  sohible  in  pure  water  (the  last-named  Iwing 
about  three  parts  per  100,000)  is  called  permanent. 

To  estimate  permanent  liardness,  a  known  quantity  of  the  water  is 
boiled  gently  for  half  an  hour  in  a  flask,  the  mouth  of  which  is  freely 
open.  At  the  end  of  the  boiling,  the  water  should  be  allowed  to  cool, 
and  the  original  weight  made  up  by  adding  recently  boiled  distilled 

^luch  trouble  may  be  avoided  by  using  flasks  of  about  the  same 
weight,  and  taking  so  much  water  in  each  as  will  make  rip  the  same 
uniform  weight.  Thus  if  all  tlie  flasks  employed  weigh  less  than 
50  gm.  each,  let  each  flask  with  its  contents  be  made  to  weigh 
200  gm. 

After  boiling  and  making  up  to  the  original  weight,  filter  the  water, 
and  determine  the  hardness  in  the  usual  way.  The  hardness  thus 
found,  deducted  from  that  of  the  unlwiled  water,  will  give  the 
letn/K/rary  hardness. 

16.  Uineral  Coastituents  and  Metals. — The  quantities  of  the 
following  suljstancea  which  may  lie  present  in  a  sample  of  water  are 
subject  to  such  great  variations,  that  no  definite  directions  can  Iw 
given  as  to  the  volume  of  ivater  to  l>e  rised.  The  analyst  must  judge 
in  each  case  from  a  jireliminary  experiment  wliat  will  be  a  convenient 
quantity  to  take. 

Sulpliurio  Acid. — Acidify  a  liter  or  less  of  the  water  witlt 
hydrochloric  acid,  c-oucentratcd  on  the  water  l>atb  to  about  100  c.c. 
and  while  still  hot  aihl  a  slight  excess  of  baric  chloride.  Filter,  wash, 
ignite,  and  weigh  as  barium  sulphate,  or  estimate  volu metrically,  as 
in  g  77. 

Sulphuretted  Hydrogen. — Titrate  with  a  standard  solution  of 
iodine,  as  in  g  78.3 

Phosphorio  Acid. — This  siibstance  may  be  detei'niineil  in  the 
solid  residue  obtained  by  evaporation,  by  moistening  it  with  nitric 
acid,  and  ^ain  drying  to  render  silica  insoluble  ;  the  residue  is  again 
treated  with  dilute  nitric  aciil,  filtered,  molyl>dic  solution  added,  and 
set  aside  for  tweh'e  hours  in  a  warm  place;  filter,  dissolve  the 
precipitate  in  ammonia,  precipitate  with  magnesia  mixture,  and  weigh 
as  magnesium  pyrophosphate,  or  estimate  volu metrically  as  in  §  73. 

Another  method  is  to  adil  to  500  c.c.  of  the  sample  about  10  c.c.  of 
solution  of  alum,  then  a  few  drops  of  ammonia,  lastly  acidify  slightly 
with  acetic  acid,  and  set  aside  to  allow  the  precipitated  AlP2<-l4  to 
settle.  The  clear  liquid  may  then  be  poured  off,  the  precipitate 
dissolved  in  nitric  acid  and  estimated  with  molylxlic  solution. 

These  estimations  are  only  available  in  cases  where  the  I'jOj  is  very 
lat^.  In  most  waters  it  is  simply  necessary  to  record  whether  the 
molybdic  precipitate  is  in  heavy  or  minute  traces. 

Silicic  Acid, — Acidify  a  liter  or  more  of  the  water  with 
hydrochloric  acid,  evaporate,  anil  dry  the  residue  thoroughly.     Tlien 
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moisten  with  liydrochloric  aciil,  Jilute  with  hot  water,  ami  filter  off, 
wash,  igtiite,  and  weigh  tlie  aeparateii  sihca. 

Iron. — To  the  filtrate  from  the  estimation  of  silicic  ai:id  add  a  few 
drops  of  nitric  acid,  dilute  to  about  100  c.t.,  and  estimate  by  colour 
titration,  as  in  §  64.4  ;  or  wLere  the  amount  is  large,  add  excess  of 
ammonia,  and  lieat  gently  for  a  short  time.  Filter  off  tlie  precipitate 
and  estimate  the  iron  in  the  wa9be<I  prt'tipitate  colorinietrically,  as 
in  §  64. 

Calcium. — To  the  filtrate  from  the  iron  estimation  add  excess  of 
ammonium  oxalate,  filter  off  the  calcium  oxalate,  ignite  and  weigh 
as  calcium  carbonate,  or  estimate  \'oluiuetricalty  with  ]>ermanganate 
as  in  g  52. 

Hagnesiam. — To  the  concentrated  filtrate  fi-om  the  calcium 
estimation  add  sodium  phosphate  (or,  if  alkalies  are  to  he  determined 
in  the  filtrate,  ammonium  phospliate),  and  allow  to  stand  for  twelve 
hours  in  a  warm  place.  Filter,  ignite  the  precipitate,  and  weigh  aa 
inagnesiiim  pyrophospliato,  or,  without  ignition,  titrate  with  uranium. 

Barium. — Is  liest  detected  in  a  water  hy  acidifying  with  hydro- 
cldoric  acid,  filtering  perfectly  clear  if  necessary,  then  add  a  clear 
solution  of  calcium  sulphate,  and  set  aside  in  a  warm  place.  Any 
white  precipitate  which  forms  is  due  to  barium. 

Fotsssiuni  and  Sodium. — These  are  generally  determined  jointly, 
and  for  this  purpose  the  filtrate  from  the  magnesium  estimation  may 
he  used.  Evaporate  to  drynes.s,  and  heat  gently  to  exiiel  ammonium 
salts,  remove  phosphoric  acid  with  lead  acetate,  and  the  excess  of  lead 
in  the  hot  solution  by  ammonia  and  aitiuionJum  carlxiiiate.  Filter, 
evaporate  to  dryness,  heat  to  expei  ammonium  salts,  and  weigh  the 
alkalies  as  chlorides. 

It  is,  however,  generally  less  trouble  to  employ  a  separate  portion 
of  water.  Add  to  a  liter  or  less  of  the  water  enough  pure  barium 
chloride  to  precipitate  the  sulphuric  acid,  boil  with  pure  milk  of  lime, 
filter,  concentrate,  and  remove  the  excess  of  lime  \vith  ammonium 
carbonate  and  a  little  oxalate.  Filter,  evaporate,  and  weigh  the 
alkaline  chlorides  in  the  filtrate.  If  the  water  contains  but  little 
sulpliate,  the  barium  chloride  may  he  omitted,  and  a  little  ammonium 
chloride  addal  to  the  solution  of  alkaluio  chlorides. 

If  potassium  and  sodium  nmst  each  be  estimated,  separate  them  by 
means  of  platinic  chloride ;  or,  after  weighing  the  mixed  chlorides, 
determine  the  rhfoi-iiie  present  in  them,  and  calculate  the  amounts  of 
jwtassium  and  sodium  by  the  following  formula  : — Calculate  all  the 
cldoi'ine  present  aa  jjotassiuni  chloride  ;  deduct  tliis  from  the  weight  of 
the  mixed  chlorides,  and  call  the  difference  d.  Then  as  16-1  : 
58-45  :  :  li  :  NaCl  present.  {See  also  IS  42.)  Or  the  sodium  chloride 
may  be  estimated  by  Kenton's  method,  g  17.9. 

Iiead. — ilay  be  estimated  by  the  method  proiMised  by  Miller. 
Acidulate   the    ivatcr  with    two  or  three  drops  of  acetic  acid,  and 
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add  ^tf  of  its  bulk  of  saturated  aqueous  solution  of  sulphuretted 
hydrogen.  Compare  the  colour  thus  produced  in  the  colorimeter  or  a, 
convenient  cylinder,  with  that  obtained  with  a  known  quantity  of  a 
standard  sohitiou  of  a  lead  salt,  in  a  manner  similar  to  that  described 
for  the  estimation  of  iron  (g  64.4),  The  lead  solution  should  contain 
0-1831  gm.  of  normal  crystallized  plumbic  acetate  in  a  liter  of  distilled 
water,  and  therefore  each  c.c  contoms  0-0001  gm.  of  metalhc  lead. 

It  is  obvioTis  tJiat  in  the  presence  of  copper  or  other  heavy  metals 
the  colour  produced  by  the  above  method  will  all  be  ascribed  to  lead ; 
it  is  preferable,  therefore,  to  adopt  the  method  of  Harvey  (ATtalyst 
vi.  146),  in  which  the  lead  is  precipitated  as  chromate.  The  results, 
however,  are  not  absolute  as  to  quaiitity,  except  so  far  as  the  eye  may 
be  able  to  measure  the  amount  of  precipitate. 

The  standard  lead  solution  is  the  same  as  in  the  previous  method. 
The  precij>itating  agent  is  jmre  potassium  bichromate,  in  fine  crystals 
or  powder. 

250  c.c.  or  so  of  the  ivater  are  placeil  in  a  Phillips'  jar  with  a 
drop  or  two  of  acetic  acid,  and  a  few  grains  of  the  reagent  added,  and 
agitated  by  shaking.  (>ne  part  of  lead  in  a  million  parts  of  water 
will  show  a  distinct  turbidity  in  five  minutes  or  less.  In  six  or  e^ht 
hours  the  precipitate  will  have  completely  settled,  and  the  yellow 
clear  liquid  may  be  poured  off  without  disturbing  the  sediment,  which 
may  then  be  sliaken  up  with  a  little  distilled  water,  and  its  quantity 
judged  by  comparison  with  a  similar  experiment  made  with  the 
standanl  lead  solution. 

Copper, — Estimate  by  colour  titration,  as  in  g  S8.9. 

Araenio. — Add  to  half  a  liter  or  more  of  the  water  enough  sodium 
hydrate,  free  fi-om  arsenic,  to  render  it  slightly  alkaline,  evaporate  to 
dryness,  and  extract  with  a  little  concentrated  hydrocldoric  acid. 
Introduce  this  solution  into  the  generating  flask  of  a  small  Marsh's 
apparatus,  and  pass  the  evolved  hydrogen,  first  through  a  U-tuiie  filled 
with  pumice,  moistened  with  lead  acetate,  and  then  through  a 
piece  of  hard  glass  tube  aboiit  150  m,m.  in  length,  and  3  ra.m.  in 
diameter  (made  by  drawing  out  combustion  tube).  At  about  its 
middle,  this  tube  is  heated  to  redness  for  a  length  of  al>out  20  m.m. 
by  tlie  flame  of  a  small  Biiusen  burner,  and  here  tlie  arsenetted 
hydrogen  is  decomposed,  arsenic  being  deposited  as  a  mirror  on  the 
cold  part  of  the  tube.  The  mirror  obtained  after  the  gas  has  passed 
slowly  for  an  hour  is  coniimred  with  a  series  of  standard  mirrors 
obtained  in  a  similar  way  from  known  quantities  of  arsenic.  Care 
must  be  taken  to  ascertain  in  each  experiment  that  the  hydrochloric 
acid,  Kinc,  and  whole  apjiaratus  are  free  from  arsenic,  by  jiassing  the 
hydrogen  slowly  through  the  heated  tube  before  introtlucing  the 
solution  to  be  tested.  The  Itcst  form  of  apjtaratus  is  that  which  is 
now  used  for  detecting  and  estimating  small  quantities  of  arsenic  in 
beer,  malt,  etc. 

Zinc. — This  metal  exists  in  watere  as  bicarlwnate,  and  ou  esi>osure 
of  ancli  waters  in  open  vessels  a.  film  of  zinc  cartwnate  forms  on  the 
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surfai-e ;  this  is  collected  on  a  platinum  knife  oi'  foil  and  ignited. 
The  residue  is  of  a  yellow  colour  when  hot,  and  turns  white  on 
cooling.     The  reaction  In  exceedingly  delicate. 


S  98.  The  primary  form  of  natural  iritl«r  is  rain,  the  chief  impuritiea  in 
ythicb  are  traces  of  organic  matter,  ammonia,  and  ammonium  nitrate  derived 
from  (he  atmosphere.  On  reaching  the  ground  it  becomeis  more  or  lees  charged 
with  the  soluble  countitueata  of  the  soil,  such  as  calcium  and  magDesium 
carbonate*,  potaasium  and  sodium  chlorides,  and  other  salts,  irhich  are  ditvolved. 
some  bj  a  simple  solvent  action,  others  by  theaj^ucy  oF  carbonic  acid  in  solution. 
Draining  off  from  tbe  land,  it  tvill  speedily  Snd  its  way  to  a,  stream  nbich,  in  the 
earlier  part  of  il«  course,  will  prohablj-  be  free  from  pollution  by  animal  matter, 
except  that  derived  from  any  manure  irhich  may  have  beea  applied  to  the  land 
on  which  the  rain  fell.  Thus  comparatively  pure,  it  will  furnish  to  the  inhabi- 
taute  on  its  banks  a  siupply  of  water  which,  after  use,  will  be  returned  to  tbe 
stream  in  the  form  ot  sewage  charged  with  impurity  derived  from  animal 
excreta,  BMp,  hoiiMhoM  refuse,  etc.,  the  pollution  being  perhaps  lessened  by 
submitting  the  sewage  to  «ome  purifying  process,  such  as  irrigation  ot  land, 
filtration,  or  clarification.  The  stream  in  its  sul^equent  course  to  the  sea  wilt 
be  in  some  measure  puriSed  by  slow  oxidation  of  the  organic  matter,  and  by 
the  absorbent  action  of  vegetation.  Some  of  the  t^n  will  not,  however,  go 
directly  to  a  stream,  but  sink  through  tbe  soil  to  a  well.  If  this  be  shallow  it 
may  be  considered  as  merely'  a  pit  for  the  accumulalion  of  drainage  from  the 
immediately  surrounding  soil,  which  as  the  well  is  in  most  coses  close  to  a 
dwelling,  will  be  almost  inevitably  charged  with  excrctul  and  other  refuse ;  so 
that  tbe  water  when  it  reaches  the  well  will  be  contaminated  with  soluble 
impiurities  thence  derived,  and  with  nitrites  and  nitrates  resulting  from  their 
oiidalion.  After  use  the  water  from  the  well  will,  like  the  river  water,  form 
sewage,  and  find  its  way  to  a  river,  or  again  to  the  soil,  according  to 
circumstances. 

In  the  case  of  a  deep  well,  from  which  the  surface  water  is  excluded,  the 
oonditioua  are  different.  The  shaft  will  usually  pass  through  an  impervious 
stratum,  so  that  the  water  entering  it  will  uot  be  derjv^  from  the  rain 
which  falls  on  the  area  immediately  surrounding  its  mouth,  but  from  that 
which  falls  on  the  outcrop  of  the  pervious  stratum  below  the  impervious  one 
just  mentioned;  and  if  this  out«rop  be  in  a  district  which  is  uninhabited  and 
uncultivated,  tbe  water  ot  the  well  will  probably  be  entirely  free  from  organic 
impurity  or  products  of  decomposition.  But  even  if  the  water  be  polluted  at 
its  source,  still  it  must  pass  through  a  verr  extensive  filter  before  it  reaches  the 
well,  and  its  organic  matter  will  probably  be  in  (jreat  measure  oooverWd  by 
oxidation  into  bodioa  in  themselves  innocuous. 

This  is  very  briefly  the  general  history  of  iiotural  n-aters,  and  the  problem 
presented  to  the  analyst  is  to  ascertain,  as  far  as  possible,  from  the  nature  and 
quantity  of  the  impurities  present,  tbe  previous  history  of  the  water,  and  its 
present  condition  and  fituess  for  the  purpose  for  which  it  is  to  be  used. 

It  is  impossible  to  give  any  fiied  rule  by  which  the  results  obtained  by  tbe 
foregoing  method  of  analysis  should  be  interpreted.  The  analyst  must  form  an 
independent  opinion  for  each  (ample  from  a  consideration  of  all  the  results  he  has 
obtained.  Nevertheless,  the  following  remarks,  illu.''trated  by  reference  to  the 
examples  given  in  the  accompanying  table,  which  may  be  considered  as  fairiy 
tjTieal.  will  probably  be  of  servioe.     (See  Table  8.) 

Total  Solid  Matter. 

Waters  which  leave  a  Urge  residue  on  evaporation  are,  as  a  rule,  less  suited  for 
general  domestic  purjioses  than  those  which  contain  less  matter  in  solution,  and 
are  unlit  for  many  manufacturing  purpose)^.      The  amoiuit  of  residue  is  aljo  <^t 
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primuj  impurtance  as  regardJ  the  use  of  the  water  for  ateim  boilers,  as  the 
quantity  of  incnistatioD  produced  will  chiefly  depend  u]x>n  it.  It  may  Tar; 
coDsideiablf,  apart  from  any  uunatuml  pollution  of  the  water,  a>  it  depeuda 

gincipally  on  the  nature  o(  the  soil  through  or  over  wbioh  the  water  paBses. 
Lver  water,  when  but  slightly  polluted,  contain!  generally  from  10  to  40 
parts.  Shallow  well  water  varies  Kreatly,  containing  from  90  to  160  parts,  or 
even  more,  as  in  examplei  X.  anu  XIII.,  the  proportion  here  depending  less 
on  the  nature  of  the  soil  than  on  the  original  pollution  of  the  nater.  Deep 
well  water  also  Tariee  considerably;  it  luually  contains  from  20  to  70  parts,  but 
this  range  is  frequently  overstepped,  the  quantity  depending  lurgely  upon  the 
nature  of  tho  strata  from  which  the  water  is  obtained.  Example  XV.  being 
in  tlie  New  Bed  Sandstone,  has  a  small  proportion,  but  XVII.  and  XVIII.  in 
the  Chalk  have  a  muoh  larjter  quantity.  Spring  waters  closely  resemble  those 
from  deep  wells.  Sewage  conlnina  generally  from  50  to  100  parte,  but 
occasionally  lean,  and  frequently  much  more  as  in  example  XXXIV.  The  total 
solid  matter,  aa  a  rule,  exceeds  the  sum  of  the  constituents  determined;  the 
nitrogen,  as  nitrates  and  nitrites,  being  calculated  as  potassium  nitrate,  and  the 
chlorine  as  sodium  chloride;  but  occasionally  this  is  not  the  case,  owing,  it 
is  likely,  to  the  presence  of  some  of  the  calcium  as  nitrate  or  chloride. 

Organio  Carbon  or  ITitrogen. 

The  existing  condition  of  the  sample,  as  far  aa  organic  contamination  is 
concerned,  must  he  inferred  from  the  amount  of  these  two  count ituenta.  In  a 
good  water,  suitable  for  domestic  aupply,  the  former  should  not,  uuder  ordinary 
circumataocos,  exceed  0-2  and  the  latter  002  part. 

Waters  from  districts  containing  much  peat  are  often  coloured  more  or  less 
brown,  and  contain  an  unusual  quantity  of  organic  carbon,  but  this  peaty 
matter  is  probably  innocuous  unless  the  ijuantity  be  extreme.  The  large 
proportion  of  organic  carbon  and  nitrogeu  given  in  tho  nverage  for  unpolluted 
upland  surface  water  in  Table  8  (XXVIII.)  b  chiefly  due  to  the  fact  that  upland 
gathering  grounds  are  very  frequently  peaty.  The  examples  given  (I.  to  V.) 
may  bo  taken  as  fairly  representative  of  the  character  of  upland  surface  waters 
free  from  any  large  amount  of  peaty  matter.  In  surface  waters  from  cultivated 
areas  the  quantity  of  organic  carbon  and  nitrogen  is  greater,  owing  to  iucreised 
density  of  population,  the  use  of  organic  manures,  etc.,  the  proportiou  beinjj 
about  025  to  03  part  of  organio  carbon,  and  004  to  005  part  of  ornanic 
nitrogen.  Tbe  water  from  shallow  wells  varies  so  widely  in  its  clinracter  that  it 
is  im|)o»-ible  to  give  any  useful  average.  In  many  ca.«e!,  as  for  example  in  XIII. 
and  XIV.,  the  amount  ia  comparatively  small,  althouuli  the  original  pollution, 
as  shown  by  the  total  inorganic  nitrogeu  and  tbe  chlorides,  was  very  large ;  tbe 
organic  matter  in  these  cases  having  been  almost  entirely  destroyed  by  |iowerful 
oxidation.  In  VIII.  and  IX.  the  original  pollution  was  slight ;  and  oxidation 
being  active,  the  organic  carbon  and  nitrogen  have  been  reduced  to  extremely 
small  quantities.  On  tbe  other  hand,  in  XI.  the  proportion  of  organic  matter  is 
enormous,  the  oxidirinjf  action  of  the  surrounding  soil  being  utterly  insuftcient 
to  deal  with  the  pollution.  The  danger  attending  the  use  of  shallow  well  waters, 
which  cont^  when  analyzed  very  small  quantities  of  organic  matter,  arises 
chiefly  from  the  liability  of  tbe  conditions  to  variation.  Change  of  weather  and 
'  many  other  circumstances  mavat  any  time  prevent  the  purification  of  the  water, 
which  at  the  time  of  the  analysis  appeared  to  be  eHicieiit.  Moreover,  it  is  by 
no  means  certain,  that  au  oxidizing  action  which  would  be  sufficient  to  reduce 
the  organic  mutter  in  a  n-ater  to  a  very  small  proportion,  would  be  equally  com- 
petent to  remove  tbe  specifio  poison  of  disease.  Hence  the  greater  the  impurity 
of  the  source  of  a  water  (he  greater  the  risk  attending  its  use. 

In  deep  well  waters  the  quantity  of  organic  carbon  and  nitrogen  also  extends 
through  a  wide  range,  but  is  generally  low,  tbe  average  being  about  006  part 
carbon  and  002  part  nitro^n  (XXIX.).  Here  the  conditions  are  usually  very 
constant,  and  if  surface  drainage  be  excluded,  the  source  of  tbe  water  is  of  less 
importanoe.  Springs  in  this,  as  in  most  other  respects,  resemble  deep  wells; 
the  water  from  them  being  generally,  however,  aomcwliiit  purer.     lu  sewage 
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KrMt  varialiotis  are  met  with.  On  the  sverage  it  contains  about  four  parts  of 
or)^nio  carbon  and  two  parts  of  orgRnio  uitroeen  (XXXII.  nnd  XXXIIT.),  but 
the  range  it  twj  (jraat.  In  the  table,  XXXIV.  is  a  very  atrong  sample,  and 
XXXT.  s  weak  one.  The  eMueot  water  from  laud  irrigated  with  MH'age  is 
uMially  analogous  to  waten  from  sliallow  wellA,  and  it«<  quality  Tariee  greatly 
according  to  Uie  character  ot  the  Mwage  and  the  conditions  of  the  irrigation. 

Batio  of  Organic  Carbon  to  Organic  Nitrogen. 

The  ratio  of  the  organic  carbon  to  the  orf^nic  nilrogen  given  in  the  seventh 
ooliimn  of  the  table  (nhicb  shows  the  fourth  term  of  the  proportioo — organic 
nilrogen  :  orgauic  carbon  i  ;  1  r),  ia  of  great  importance  as  furnishing  a 
valuable  iodicalJon  of  tbe  nature  of  the  organic  matter  present.  When  this  is  of 
vemtable  origin,  the  ratio  is  very  high,  and  when  of  animal  origin  very  low. 
This  statenieut  must,  however,  be  qualified,  on  acconnt  of  tbe  different  effect  ot 
oxidation  on  animal  and  vegetable  substances.  It  is  found  that  when  organic 
matter  of  vegetable  origin,  with  a  high  nttio  of  carbon  to  nitro^.'en,  is  oxidized, 
it  loses  carbon  more  r»))idly  than  nitrogen,  so  thnt  the  ratio  is  reduced.  Thus 
iinoiidized  peaty  waters  exhibit  a  ratio  varying  from  about  8  to  20  or  even 
more,  tbe  average  being  about  12 ;  whereas,  the  ratio  in  spring  water  originally 
containing  peaty  matter,  varies  from  about  2  to  S,  the  average  being  about  32. 
TVhen  the  organic  matter  is  of  animal  origin  the  action  is  reversed,  tbe  ratio 
being  increased  by  oxidation.  In  unpolluted  upland  surface  waters  the  ratjo 
varies  from  about  6  to  12,  hut  in  peaty  waters  it  may  amount  to  20  or  more.  In 
surface  water  from  cultiv]iled  land  it  ranges  from  about  4  to  10,  averaging  about 
6.  In  water  from  shallow  wells  it  varies  from  about  2  to  8,  with  an  average 
of  about  4,  but  inslauces  beyond  tbia  range  in  both  directions  are  very  frequent 
In  water  from  deep  wells  and  springs,  the  ratio  varies  from  about  2  to  6  with 
an  average  ot  4,  being  low  on  acrauut,  probably,  of  tlie  prolonged  oiidation  to 
which  it  has  been  subjected,  which,  as  has  been  stated  above,  removes  carbon 
more  rapidly  than  nitrogen.  In  tiea  water  this  action  reaches  a  muimum,  the 
time  being  indefinitely  prolonged,  and  the  ratio  is  on  the  average  about  17. 
Thi»  is  probably  complicated  by  the  presence,  in  some  caases,  of  multitudes  of 
minute  living  organisms.  In  sewage  the  ratio  migCK  from  ahont  1  to  3,  with 
au  average  of  about  2. 

When,  in  the  case  ot  a  water  containing  much  nitrogen  as  nitrates  and 
nitrites,  this  ratio  is  unusually  low,  incomplete  destruction  of  nitrates  during 
tbe  evaporation  may  be  eusi>ected,  and  the  estimation  should  be  repeated. 
To  provide  for  this  contingency,  if  a  water  contain  any  considerable  quantity  of 
ammonia,  it  is  well,  when  commencing  the  evai>oration  in  the  first  instaoce,  to 
set  aside  a  quantity  sufficient  for  this  repetition,  adding  to  it  tbe  usual  pro- 
portion ot  sulphurous  acid. 

ITitrogen  aa  Ammonia. 

The  ammonia  in  natural  waters  is  derived  ilmost  exclusively  from  animal 
contamination,  and  its  quantity  varies  between  very  wide  limits.  In  upland 
surface  waters  it  seldom  exceeds  0008  pari,  the  average  being  about  000'2 
part  In  water  from  cultivated  land  the  average  is  about  0-005,  and  the  ' 
range  is  greater,  being  from  nil  to  0*025  part,  or  even  more.  In  water  from 
shallow  wells  tbe  variation  is  so  great  that  it  would  be  useless  to  attempt  to 
state  an  average,  all  proportions  from  »//  to  as  much  as  25  parts  having 
been  observed.  In  waters  from  deep  welU  a  very  considerable  proportion  is 
often  found,  amounting  to  01  part  or  even  more,  the  average  being  (VOl 
part,  and  Hie  variations  considerable.  In  spring  water  it  is  aeldom  that 
more  than  O'Ol  part  of  nitrogen  as  ammonia  occurs,  the  average  being  only 
0001  part.  Sewage  usually  contains  from  2  to  0  parts,  but  occasionally  as 
much  as  9  or  10  parts,  the  average  bciu^'  about  five,  .Ammonia  is  readily 
oxidii-,ed  t»  nitrates  and  nitrites,  and  hence  its  presence,  in  considerable  quanUty, 
usually  indicates  tlie  absence  of  oxidation,  and  is  generally  coincident  with  the 
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ITitTogen  as  Nitrates  and  mtritea. 

Nitrates  nad  Ditrites  are  produced  by  the  oiidatloa  of  nitrogenous  orgsnio 
matter,  iLod  almoHt  alwayii  from  animitl  mitter.  In  upland  BurhKe  wMere  the 
pTDportion  varies  from  ail  to  O'OS  part  or  very  rarely  more,  but  the  najoritj  of 
Bamplei)  coDtoin  none  or  mere  tracea  (I,  to  V,),  the  avera);e  being  about  0009 
part.  In  surface  wnten  from  cultivated  land  the  quantity  vs  much  greater, 
Tkrying  from  ri7,  which  seldom  occurs,  to  1  part,  the  avera)^  being  about  025 
part.  The  froportion  in  shallow  wells  if  usually  much  greater  still,  runging 
from  nil,  which  very  rarely  occurs,  to  as  much  as  SS  part*.  It  would  probably 
be  useteee  to  attempt  to  state  an  avelajie,  but  quantities  of  from  2  to  6  parts 
occur  most  frequently.  In  water  from  deep  wells  the  range  in  from  nil  to  about 
3  parts,  and  occasionally  more,  the  average  being  about  O'S  port.  In  npriog 
water  the  range  is  about  the  same  as  in  deep  well  water,  but  the  average  ii 
somewhat  lower. 

It  sometimes  happens  that,  when  the  supply  of  atniospherit  oxygen  is  defloient, 
the  organic  matter  in  water  is  oiidiied  at  the  expense  nt  the  tiitrafvH  present ; 
and  occasionally,  it  the  quantities  happen  to  be  suitably  proportioned,  they 
are  mutually  destroyed,  leaving  no  evidence  of  pollu'ion.  Tliis  reduction  of 
nitrates  often  occurs  in  deep  w^ll  water,  as  for  example,  in  that  from  wells  in 
the  Chalk  boneith  London  Clay,  where  the  nitrates  are  often  totally  destroyed. 
Tu  sewages,  putretaction  speedily  soti  in,  and  during  this  condition  the  nitrates 
are  rapidly  destroyed,  and  so  completely  and  uniformly  that  it  is  probably 
ueedlesfl  to  attempt  their  estimation,  e^tcept  in  sewages  which  are  very  weak,  or 
for  other  special  reasons  abnormal.  Out  of  a  large  number  of  samples,  only  a 
very  few  have  been  found  which  contained  any  nitrates,  and  those  only  very 
small  quantities, 

Nitnles  occurring  in  depp  springs  orwelU  no  doubt  arise  from  the  deoxidation 
of  nitrates  by  ferrous  oxide,  or  certain  forms  of  organic  matter  of  a  harmless 
nature ;  but  whenever  they  occur  in  shallow  wells  or  river  water,  thpy  may  be 
of  much  greater  signiflcance.  Their  pre.'ence  in  such  cases  ia  most  protibly 
due  to  recent  sewage  coulnmi nation,  and  such  waters  must  be  looked  upon  with 
great  suspicion. 

Total  Inorganic  Nitrogen. 

When  organic  matter  is  oxidized  it  is  ultimately  resolved  into  inorganic 
substances.  Its  earbon  appears  as  carbonic  acid,  its  hydrogen  as  water,  and  ite 
nitrogen  aa  ammonia,  nitrous  scid,  or  nitric  acid ;  the  last  two  combining  with 
the  hases  always  present  in  water  to  form  nitrites  and  nitml«s  The  carbon 
and  hydrogen  are  thus  clearly  beyond  the  reach  of  the  analyst;  but  the  nitrogen 
compounds,  as  has  been  shown,  can  be  accurately  determined,  and  furnish  us 
with  a  means  of  estimating  the  amount  of  orgaciic  matter  which  was  formerly 
present  in  the  water,  but  which  has  already  undergone  decomposition. 

The  sum  of  the  amounts  of  nitrogen  found  in  these  throe  forma  constitutes 
then  a  distinct  and  valuable  term  in  the  analysis,  the  organic  nitrogen  relating  to 
the prestnf,  and  the  total  inorgnH-ii!  nitrogen  to  the  pati  condition  of  the  wat«r. 
Sijice  ammonia,  nitrites,  and  nitrates  are  quite  innocuous,  the  total  inorganio 
nitrogen  does  not  indicate  arlual  evil  like  the  organic  nitrogen,  but  potenlial 
evil,  as  it  is  evident  that  the  innocuous  character  of  a  water  which  contains  much 
nitrogen  in  these  forms  depends  wholly  on  the  permanence  of  the  conditions 
of  temperature,  aetntion,  filtration  through  soil,  cte.,  which  have  broken  up  the 
original  organic  matter ;  if  these  should  at  any  time  fail,  the  pant  contamination 
would  become  presenl,  the  nitrogen  appearing  in  the  organic  form,  the  water 
being  loaded  in  all  likelihood  with  putrescent  and  oont^gious  matter. 

In  upland  surface  waters  which  have  not  been  contaminated  to  any  extent  by 
animal  pollution  the  total  inorganic  nitrogen  rarely  exceeds  003  part.  In  water 
from  cultivated  distriots  Ibe  amount  is  greater,  ranging  as  high  as  1  part,  the 
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ftTerage  ot  a  tar^  number  of  samples  being  about  0'22  part.  It  is  useless  to 
attempt  an;  ((eneralintion  for  sliallovr  wells,  as  the  proportion  depends  upon  local 
circumslauces.  The  amount  ia  usually  large  and  may  reach,  as  seen  in  Eiamplex 
XHI.,  the  enonnoua  quantity  ot  twenty-five  parts  per  100,000.  Waters  coii- 
taiuing  from  one  to  five  parts  are  very  commonly  met  with.  In  water  from  deep 
trells  and  spriugs,  quantities  ranging  up  to  3'6  parU  have  been  observed,  the 
average  on  a  large  series  of  anQ.lysee  being  06  part  for  dmp  wells  aud  about 
0'4  part  tor  springs.  It  must  lie  remembered  that  the  conditions  attending 
deep  wells  Sind  springs  are  remarkably  permanent,  and  the  amount  of  filtration 
which  the  water  undergoes  before  reaching  the  well  itself,  or  issuing  from  the 
spring  is  enormous.  Meteorological  changes  here  have  either  no  effect,  or  one 
HO  small  and  clow  ss  not  to  interfere  with  any  purifying  actions  uhich  may  be 
taking  place.  All  other  sources  ot  water,  and  especially  shallow  wells,  are  on 
the  other  hand  subjett  lo  considerable  changes.  A  sudden  storm  after  drought 
will  wa^h  Urge  quantities  of  polluting  matter  into  the  water-course ;  or  diswlve 
the  filth  which  has  been  concentrating  in  the  pores  of  the  soil  during  the  dry 
season,  and  carry  it  into  the  well.  Small  indications  therefore  of  a  polluted 
origin  are  very  serious  in  surface  waters  and  shallow  well  waters,  but  are  ot  less 
moment  in  water  from  deep  wells  and  springs;  the  preieit  character  of  these 
being  of  chief  importance,  since  whatever  degree  of  puriQcation  may  be  observed, 
may  usually  be  trusted  as  permanent.  The  term  "total  inorganic  nitrogen'' 
has  been  chosen  chiefly  because  it  is  based  on  actual  results  ot  analysis  without 
the  introduction  of  any  theorj-  whatever.  It  will  be  seen  that  it  corresponds 
very  nearly  with  the  term  "previous  sewa>;e  or  animal  contaraiuation,"  which 
was  introduced  by  Dr.  Frankland,  and  which  was  employed  in  the  second 
edition  of  this  work.  Perimps  few  terms  have  been  more  wonderfully  mis- 
understood aud  misrepresented  than  that  phrase,  and  it  is  hoped  that  the  new 
term  will  be  Ictb  liible  to  misconception.  It  will  be  remembered  the  "  previous 
seivage  conlaminalioii "  of  a  water  was  calculated  by  multiplying  the  sum  ot 
the  quantities  of  nitrogen  present  as  ammonia,  nitrates,  and  nitrites,  by  10.000 
and  deducting  3'H)  from  the  product,  the  number  thus  obtained  representing 
the  previous  animal  contamination  of  the  water  in  terms  ot  average  filtered 
London  sewage.  It  was  purely  conventional,  for  the  proportion  of  organic 
nitrogen  present  in  such  sewage  was  assumed  to  be  10  parts  per  100,000, 
whereas  in  the  year  1657  it  was  actually  H'i  parts,  and  in  IBtiO  only  T  parts. 
The  deduction  ol  320  was  made  to  correct  for  the  average  amount  of  inorganic 
nitrogen  in  rain  water,  and  this  is  omitted  in  calculating  "  total  inorganic 
nitrogen  "  for  the  following  reasons  : — The  quantity  is  smsll,  and  the  variations 
in  composition  of  rain  water  at  difTerent  times  and  under  ditferent  circumstances 
very  considerable,  and  it  a]))>ears  to  obscure  the  significance  of  the  results  of 
analysis  of  very  pure  waters  to  deduct  from  all  the  lame  fixed  amount.  As, 
too,  the  average  amouDl  of  total  inorganic  nitrogen  in  unpolluted  surface 
waters  is  only  0011  part  (XXVIII,),  it  cannot  be  desirable  to  apply  a  correction 
amounting  to  nearly  three  times  that  average,  and  so  place  a  water  which 
contains  0'032  part  ot  total  inorganic  nitrogen  on  the  same  level  as  one  which 
contains  no  trace  ot  any  previous  pollution. 

Chlorine. 
This  is  usually  prerant  as  sodium  chloride,  but  occasionally,  as  has  Ih^u 
mentioned  before,  it  is  most  likely  as  a  calcium  silt.  It  is  derived,  in  Mime 
eaAes,  from  the  soil,  but  mote  usually  from  animtil  excreta  (human  urine 
contains  about  500  parla  per  100,000),  and  is  therefore  of  considerable  importance 
in  forming  a  judgment  as  to  the  character  of  a  water.  Unpolluted  river  and 
spring  waters  usually  contain  less  than  one  part;  average  town  sewage  about 
eleven  parts.  Shallow  well  water  may  contain  any  quantity  from  a  mere  trace 
up  to  fifty  parts  or  even  more.  Its  amount  is  scarcely  affected  by  any  degree 
of  filtration  through  soil :  thus  the  effluent  water  from  land  irrigated  with 
sewage  contains  the  same  pro]x>rtion  ot  chlorine  as  the  sewage,  unless  it  has 
been  diluted  by  subsoil  water  or  concentrated  by  evaporation.  Of  course, 
attention  should  be  given  to  the  geological  nature  of  the  district  from  which  the 
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water  eomes,  the  distance  from  tbe  sea  or  other  source  of  cblorine,  etc.,  in 
order  to  decide  on  th«  origin  of  the  cbloriae.  Under  ordinary  ciruumstance,  a 
water  containing  more  than  three  or  tour  parts  ot  chlorine  Bhould  be  regarded 
with  EU9picion. 

HardnesB. 

This  is  chieflif  of  importance  aa  regard*  the  use  ot  the  water  for  cleansing 
aud  maautaoturiog  purposea,  and  for  steam  boilers.  It  is  otill  a  moot  point 
as  to  whether  hard  or  soft  water  is  better  as  an  article  of  food.  The 
temporary  bardnesB  is  oft«D  said  ts  be  that  due  to  carbonates  held  in  solution 
by  carbonic  acid,  but  this  is  not  quito  correct ;  for  even  after  prolonged 
boiling,  water  will  still  retain  about  three  parts  of  carbonale  in  solution,  and 
tberefore  when  the  total  hardness  exceeds  three  parts,  that  amount  should 
be  deducted  from  the  permanent  hardness  and  added  to  the  temporary,  in  order 
U)  get  the  quantity  of  carbonate  in  solution.  But  the  term  " temporary" 
hardness  properly  applies  to  the  amount  of  hardness  which  may  be  removed 
by  boiling,  and  hence,  if  the  total  hardness  be  less  than  three  parts,  there  is 
usually  no  temporary.  As  the  hardness  depends  chieSy  on  the  nature  of  the 
soil  through  and  over  which  the  water  passes,  the  variations  in  it  are  very 
(treat;  that  from  igneous  strata  has  least  hardness,  followed  in  approximate 
order  by  that  from  Metamorptaic,  Cambrian,  Silurian  aud  Devouian  rocks. 
Millstone  Grit,  London  Clay,  Bagshot  Beds,  New  Sed  Sandstone,  Coal  Measures, 
Mountain  limestone.  Oolite,  Chalk,  Lias,  and  Dolomite,  the  average  in  the  case 
of  the  first  beiug  2'4parts,aDdot  the  last  41  parte.  As  animal  excreta  coutain  a 
considerable  quantity  ot  lime,  highly  polluted  waters  are  usually  extremely  bard. 
\Vat«r  from  shallow  wells  coutdns  varying  proportions  up  te  nearly  200  parts 
of  total  hardness  (XIII.}.  No  generalization  can  be  made  as  to  the  proportion 
of  permanent  to  temporary  hardness. 

Suspended  Hatter. 

This  is  of  a  less  degree  of  importance  than  the  matters  hitherto  considered. 
From  u  sanitary  point  of  view  it  is  of  minor  interest,  because  it  may  be  id 
most  cases  readily  and  completely  removed  by  QUratioa.  Mineral  suspended 
matter  i«,  however,  of  considerable  mechanical  importance  as  regards  the 
formation  of  impediments  in  the  river  bed  by  its  gradual  deposition,  and  as 
regards  tbe  choking  of  the  sand  fllteis  in  water-works;  and  o^anic  suspended 
matter  is  at  times  positively  injurious,  and  always  favours  the  growth  of  minute 
organisms, 

From  tbe  determinations  which  have  been  described,  it  is  believed  that  a 
Mund  judgment  as  to  the  character  of  a  water  ma;  be  made,  and  the  analyst 
should  hardly  be  content  with  a  less  complete  examination.  If,  however,  from 
lack  of  time  or  other  cause,  so  much  cannot  be  done,  a  tolerably  safe  opinion 
may  be  formed,  omitting  the  determination  of  total  solid  matter,  and  organic 
carbon  and  nitrogen.  But  it  must  not  be  forgotten  that  by  so  doing  the  inquiiy 
is  limited  as  regards  organic  impurity,  te  the  determination  of  that  which  was 
formerly  present,  but  has  already  been  converted  into  inorganic  substances.  If 
still  less  must  sufQce,  tbe  estimation  of  nitrogen  as  nitrates  and  nitrites  may  be 
omitted,  its  place  being  to  a  certain  extent  supplied  by  that  of  chlorine,  but 
especial  care  must  then  be  taken  to  ascertain  the  source  of  the  latter  by  exami- 
nation ot  the  district.  If  it  be  in  any  degree  ot  mineral  origin,  no  opinion  can 
be  formed  from  it  as  to  the  likelihood  of  organic  pollution. 

Oeneral  Considdrations. 

In  judging  of  the  character  of  a  sample  ot  water,  due  attention  must  of 
course  be  pdd  to  the  purpose  for  which  it  is  proposed  to  be  used.  The  analyst 
frequently  has  only  to  decide  broadly  whether  the  water  is  good  or  bad ;  as,  for 
example,  in  cases  of  the  domestic  supply  to  i^lated  houses  or  of  existing  town 
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supplies.  Wattr  which  would  ba  fairly  well  BUited  for  the  former  miRht  be 
very  objectiousble  for  the  Utter,  nliere  it  would  be  required  to  ■  certain  extent 
for  miiiufoctiiriu^  purpowB,  Wnter  which  would  be  dangerous  for  drinliing  or 
oookiug  may  be  urad  for  certain  kinds  of  aleansiug  operations ;  but  it  must  not 
bo  forxotteu,  that  unlesB  great  care  and  wstohfulners  are  eiercised  there  is  con- 
siderable daoger  of  this  restriction  being  neKlocted,-  and  especially  if  the 
objectionable  water  is  nearer  at  band  than  the  purer  supply.  There  would 
for  this  reason,  probably,  be  some  daciger  attending  a  double  fupply  an  a  largo 
scale  iu  a  town,  even  if  the  cost  of  a  double  eeryiee  of  mains,  etc.,  were  not 
prohibitive. 

It  is  often  required  to  decide  between  several  proposed  sources  ot  supply,  and 
here  great  care  is  uecessary,  es]>ecially  if  the  differences  between  the  samples 
are  not  great.  If  possible,  samples  should  be  examined  at  varioiia  aeasons  ot 
the  year ;  and  care  should  be  lolien  that  the  wiuples  of  the  several  waters  are 
collected  as  nearly  as  possible  simultaneously  and  in  a  normal  condition.  The 
general  character  of  a  water  is  most  satisfactorily  shown  by  the  average  of  a 
eystematic  series  of  aii]ily»es  ;  and  for  this  reason  the  avera|:e  analysis  of  the 
water  supplies  of  Loudoti,  taken  from  the  Reports  of  l)r.  Prauklaud  to  the 
Gegistrar  General,  of  Glasgow  by  Dr.  Miils,  and  of  Birmingham  by  Dr.  Hill, 
are  included  in  the  table.  River  waters  should,  as  a  rule,  not  tie  examined 
immediately  after  a  heavy  rain  when  they  are  in  flood.  A  sudden  rainfall  after 
a  dry  season  will  often  foul  a  river  more  than  a  much  heavier  and  more 
prolonged  downfall  after  average  weather.  Similarly  the  sewaije  disehai^wl 
from  a  town  at  the  beginning  of  a  heavy  rainstorm  is  usually  extremely  fool, 
the  solid  matter  which  has  been  accumulating  on  the  sides  of  the  sewers,  and  in 
corners  and  recesoes,  beiiig  rapidly  washed  out  by  ihe  increased  streun. 

The  po:<»ibility  of  improreineat  In  quality  must  also  be  considered.  A  turbid 
water  may  generally  bo  rendered  clear  by  filtration,  and  this  will  often  also 
effect  some  flight  reduction  in  the  quanUty  of  organic  matter ;  but  while 
somewhat  rapid  filtration  through  Kand  or  similar  muterial  will  usually  remove 
all  solid  Bu?i)euded  matter,  it  is  generally  necefaary  to  pass  the  water  very 
slowly  through  a  more  efficient  material  to  destroy  any  large  proportion  of  the 
organic  matler  in  solution.  Very  Hue  «and,  animal  ch«rcoal,  and  spongy  iron 
are  all  iu  use  for  this  purpose.  The  quantity  of  available  013'gen  must  not 
be  neglected  in  vonsidertDg  the  question  of  filtration.  If  the  water  contains 
only  a  small  quantity  of  organic  matler  and  is  well  aerated,  the  quantity  of 
oxygen  in  solution  may  be  sufficient,  and  the  filtration  may  then  be  continuous; 
but  in  many  instances  this  is  not  the  cose,  and  it  is  then  necessary  that  the 
fllliation  should  be  intermittent,  the  wutor  being  allowed  at  intervals  to  drain 
off  from  the  filtering  material  in  order  that  the  latter  may  be  well  aSmted, 
after  which  it  ia  again  fit  for  work. 

Softening  water  by  Clark's  process  generally  removes  a  large  quantity  ot 
organic  matter  (see  Table  B,  XVI.)  from  solution,  it  being  carried  down  with 
the  calcium  carbonate  precipitate. 

It  is  evident  that  no  ^erj  definite  distinction  can  be  drawn  between  deep 
and  shallow  wells.  In  the  foregoing  pages,  deep  wells  generally  mean  such  as 
are  more  than  100  feet  deep,  but  there  are  many  considerations  which  qualify 
this  definition.  A  deep  well  may  be  considered  es-sentjally  as  one  the  water 
in  which  has  filtered  through  a  considerable  thickness  of  porous  material,  and 
whether  the  shaft  of  such  a  well  is  deep  or  shallow  will  depend  on  circumstances. 
If  the  shaft  i>asses  through  a  bed  of  clay  or  other  impervious  stratum,  and  the 
surface  water  above  that  is  rigidly  excluded,  the  well  should  beolassed  as  "deep," 
even  if  the  shaft  is  only  a  few  feet  in  depth,  because  the  water  in  it  must  have 
passed  for  a  caoslderable  distance  below  the  clay.  On  the  other  band,  however 
deep  the  sliaft  of  a  well,  it  must  be  considered  as  "sliallow  "  if  water  can  ent«r 
the  shaft  near  the  surface,  or  if  large  cracks  or  fissures  give  free  passage  for 
surface  water  through  the  soil  in  which  the  well  is  sunk,  With  these  principles 
in  view,  the  water  from  wells  may  often  be  improved.  Every  care  should  be 
taken  to  exclude  surface  water  from  deep  wells ;  that  is  to  say.  all  water  from 
strata  within  about  100  feet  from  the  surface  or  above  the  first  impervious 
bed.    In  very  deep  wells  which  pass  through  several  such  beds,  it  is  desirable  to 
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eismine  the  water  from  eacli  group  of  perviouj  strain,  m  this  often  varies  io 
quality,  und  if  the  supply  U  suffloient,  eichide  all  but  the  best, 

lu  ihalloiv  wells  much  may  oDcasionally  be  aoconpplished  in  a  simiUr  manuer 
by  making  tbe  upper  part  of  the  shaft  water-tight.  It  ia  aiMi  desirable  that 
the  surface  for  eome  distance  round  the  well  should  be  puddled  with  clay, 
concreted,  or  otherwise  rendered  impervious,  so  a^  to  increase  tlie  thickness  of 
the  soil  through  which  the  water  has  to  pass.  I>raiDS  passing  near  the  well 
should  be,  if  possible,  diverted;  and  of  course  cesspools  should  be  either  abolished, 
or,  if  that  is  impracticable,  removed  to  as  great  a  dista.nce  from  the  well  aa  is 
possible,  and  in  addition  made  perfectly  water-tight.  Changes  such  aa  these  tend 
to  diminish  the  uncertainty  of  the  conditions  attending;  a  shallow  well,  but  in 
most  cases  such  a  source  of  supply  shautd,  if  possible,  be  abandoned  as  dangerous 
at  best. 

Clark's  Frooess  for  Softening  Hard  Water. 

The  patent  right  of  this  process  having  expired,  the  public  are  free  (o  use  it. 

The  original  method  of  softening  consisted  in  adding  lime  to  the  hard  water. 
It  is  only  applicable  t«  water  which  owes  its  hsixlDess  entirely,  or  chiefly,  to 
the  calcium  and  magnesium  carbonates  held  in  solution  by  carbonic  acid 
(temporarg  hardnns).  Water  which  owes  Its  hardness  to  calcium  or  mague*iium 
sulphate  {permanent  liardneit)  cannot  be  thus  softened  ;  but  any  water  which 
softens  on  boiling  for  half  an  hour  will  be  softened  to  an  equal  extent  by  Clark's 
process.  The  hard  water  derived  from  chalk,  limestone,  or  oolite  distriota,  is 
generally  well  adapted  for  this  operation. 

To  soften  700  ^lons  of  water,  about  one  ounce  of  quicklime  is  required  for 
each  part  of  temporary  hardness  in  100,000  parts  of  water.  The  qiiantJty  of 
quicklime  required  is  thoroughly  slaked  in  a  pailful  of  water.  Stir  up  the  milk 
of  lime  thuii  obluined,  and  pour  it  immediately  into  the  cistern  oonlaining  at 
least  50  gallons  of  the  water  lo  be  softened,  taking  care  to  leave  in  the  pail 
any  heavy  sediment  that  may  bare  settled  to  the  bottom  io  the  few  seconds 
that  inter\'enod  between  the  stirring  and  pouring.  Fill  the  pail  again  with 
water,  and  stir  and  pour  as  before.  The  remainder  of  the  700  gallons  of  water 
must  then  be  added,  or  allowed  to  run  into  the  cistern  from  the  supply  pipe.  It 
the  rush  of  the  water  does  not  tborouKhly  mix  the  contents  of  the  cistern,  this 
must  be  accomplished  by  stirring  with  a  suitable  wooden  paddle.  The  water  will 
now  appenrverymilky.owingto  the  precipitation  of  the  chalk  which  it  previously 
conlained  in  solution  together  with  un  equul  quantity  of  chalk  which  is  formed 
from  the  quicklime  added. 

After  standing  for  three  hours  the  water  will  be  guMcienUy  clear  to  use  for 
ivashing;  but  to  render  it  dear  enough  for  drinking,  at  leiist  twelve  hours' 
settlement  is  required.  This  process  not  only  softens  water,  but  it  removes 
to  a  great  extent  objectionable  organic  matter  present. 

The  proportion  of  lime  to  water  may  be  more  accurately  adjusted  during  the 
running  in  of  the  hard  water,  by  takiug  a  little  water  from  the  cistern  at 
intervals  in  a  small  white  cup,  and  adding  to  it  a  drop  or  two  of  solution  of 
nitrate  of  silver,  which  will  produce  a  yellow  or  brownish  colouration  at  long 
as  there  is  lime  present  in  esoess.  Aa  soon  as  this  becomes  very  taint,  and  just 
about  to  disappear,  the  flow  of  water  must  be  stopped. 

The  above  description  applies  simply  to  the  original  Clark  process  by  which 
only  calcium  and  magnesium  carbonates  were  removable.  Other  methods  have 
been  since  devised  both  to  hasten  the  process  and  to  remove  also  iulphates  as  well 
as  carbonates  of  lime  and  magnesia. 

The  latest  and  most  effective  prouess  is  that  of  Arohbutt  and  Deeley,  Full 
details  of  the  process  are  contained  in  a  paper  by  L  Archbutt  (Proc  Imt 
Meeh.  Eaffineert,  1898,  40i-429.) 

The  first  part  of  this  paper  deals  with  the  rompounds  or  salts  of  calcium 
and  magnesium  which  cause  temporary  and  permanent  hardness  in  natural 
waters,  and  the  chemical  methods  of  precipitating  these  compounds  by  using 
lime  water  and  sodium  carbonate.  Attention  is  drawn  to  the  fact  that  water 
which  has  been  softened  when  cold,  deposite  a  further  small  quantity  of 
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precipitote  <m  heating.  The  precipitatiaa  is  liable  to  take  place  in  the 
injectora  and  feed  pipea  of  boiler*,  the  deposit  iocreuing  until  it  completely 
chokes  the  pipes,  Aa  the  deposit  coDsiets  principtllj  of  calcium  carbonate  nod 
mnguetnum  hvdiate,  the  precipititioo  may  be  prevented  by  re-carbonatiii|;  the 
cleur  softened  nter.  Tbia  canuot  possibly  harden  it.  The  Archbutt- 
Beeley  process  involves  the  phasing  of  carbonic  acid  into  the  softened  water  as 
it  is  drawn  off  from  the  softeiiing  tanks,  and  is  carried  out  as  folloivs:  The 
hard  water  is  run  into  a  tank  and  the  proper  quautities  of  lime  and  sodium 
carbonate  are  added.  The  lime  is  first  slaked  in  a  small  reagent  tank  above  the 
main  tank,  and  then  boiled  alter  the  addition  of  water,  by  means  of  a  steam 
pipe.  The  alkali  is  now  added,  and  the  roagent  thus  prepared  is  run  inte  the 
water  tenk,  being  distributed  through  perforated  horiiontal  pipes.  To  cause  the 
fine  precipitate  to  fall  to  the  bottom  of  the  tenk  quickly,  a  qaaatit;  of  mud 
at  the  bottom  of  the  tank  (the  de])usit  of  a  previous  softening)  is  stirred  up  by 
blowing  air  into  it  through  a  suitable  pipe.  This  mud  rapidly  settles  again, 
carrying  the  newly  formed  precipitate  with  it,  and  in  half  au  hour  the  water 
is  clear  enough  to  be  drawn  oQ'.  The  o|>erationK  of  drawing  Off  and  carbonattag 
are  effected  simultaneously  by  means  of  a  floating  discharge  pipe.  The  water 
passes  down  the  pipe,  and  is  caused  to  splash  up  into  the  carbonic  acid  gas 
by  a  series  of  baffle  plates.  The  gas  is  collected  from  a  coke-furnaoe  and  injected 
inte  the  pipe.  The  mud  is  prevented  from  unduly  collecting  in  the  tanks  bj 
its  partial  removal  when  re<iuired.     . 

Beuden  softening  the  water,  this  process  also  purifies  it  as  regards  oi^nio 
matter.  The  precipitate  of  calcium  carbonate  carries  down  with  it  about  98 
per  cent,  of  the  organisms  in  the  water,  even  when  the  latter  is  swarming  with 
bacteria,  and  the  repeated  stirring  up  of  the  old  precipitate  does  not  impair 
the  efficiency  of  the  purifloalion  in  this  respect. 

The  process  givca  the  best  results  when  magnesia  is  present,  the  magneuum 
hydrate  forming  a  coarser  precipitate,  which  settled  more  rapidly  than  pure 
catcinm  carbonate. 

This  process  may  also  ho  used  for  clarifying  the  waste  water  from  bleach  and 
dye  works,  calico  printing  works,  paper  mills,  cloth  mills,  eto, ;  lime  and 
"  alumino-terric  "  bemg  the  chemicals  chiefly  employed  as  precipitanto. 

All  the  necessary  machinery  for  carryini;  out  this  exceUent  prooeM  is 
manufactured  by  Mather  and  Flatt,  Limited,  SaUord  Iron  Works, 
Manchester,  who  will  furuisb  all  details  and  estimates  to  any  one  who  desires 
to  use  the  process. 

HETHOD8    OF   ESTIMATIITG    THE    OBQAITIC 

IMFtJBITIES    I2r 

WATEa  WITHOUT    &AS   AFFARATUS. 

§  99.  The  foregoing  methods  of  estimating  the  organic  impurities 
iu  potable  waters,  though  very  comprelieusive  anj  trustworthy,  yet 
posHcsa  the  (li(<advantage  of  occupying  a  good  deal  of  time,  and 
necessitate  the  use  of  a  complicated  and  exjwnaive  set  of  apparatus, 
which  may  not  always  lie  within  the  reach  of  the  upemLor. 

Xo  information  of  a  strictly  reliable  character  as  to  the  nature  of  the 
oi^;anic  matter  or  its  quautity  can  be  gained  from  the  use  of  standard 
permanganate  solution  aa  originally  devised  by  Forsehammer,  and 
the  same  remark  applies  to  the  loss  on  ignition  of  the  residue,  both 
of  which  have  l>ecn  in  [last  time  largely  used. 

Tlie  Torschainmer  or  oxygen  process,  however,  as  improved  by 
Letheby,  and  further  elaborated  by  Titly,  may  be  considered  as 
worthy  of  considerable  confidence  in  determining  the  amount  of 
organic  sulistances  contained  in  a  water. 
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The  Ozygeo  AbsoiptdoD  FrocesB. 

This  process  depends  upon  the  estimation  of  the  amount  of  oxygen 
required  to  oxidise  the  organic  and  other  oxiclizable  matters  in 
a  known  volume  of  water,  slightly  acidified  witli  pure  sulphuric  acid. 
For  this  purpose,  a  stan<lard  solution  of  potassium  permanganate  is 
employed  in  excess.  The  amount  of  unchanged  permanganate,  after 
a  given  time,  is  ascertained  by  means  of  a  solution  of  sodium 
thiosulphate.  by  the  help  of  the  iodine  and  starcli  reaction. 

Tidy  and  Frankland  in  all  cases  made  a  blank  experiment  with 
pure  distilled  water,  side  by  side  with  the  sample. 

As  regards  the  time  during  which  the  sample  of  water  should  be 
exposed  to  the  action  of  the  permanganate,  authorities  somewhat 
dilfer.  It  is  manifest  that,  if  the  water  contain  certain  reitucing 
agents  such  ns  nitrites,  ferrous  salts,  or  sulphuretted  hydrc^en,  an 
immediate  reduction  of  the  reagent  will  occur,  and  Tidy  is  disposed 
to  regist«r  the  reduction  which  occurs  in  three  minutes,  in  tlie  known 
absence  of  iron  and  sulphuretted  hydrogen,  as  due  to  nitrites.  The 
same  authority  adopts  the  plan  of  making  two  <)li.="ervations,  one  at 
the  end  of  one  hour  and  another  at  tlie  end  of  three  hours,  at  the 
ordinary  temperature  of  the  laboratory  {say  60°  Fahr.  or  16°  C.) 

Frankland  admits  this  process  to  be  the  best  volumetric  method 
in  existence  for  the  estimation  of  organic  matters,  but  is  content  with 
one  experiment  lasting  three  hours  (also  at  ordinary  temperature). 

The  Water  Committee  of  the  Society  of  Public  Analysts  of  Great 
Britain  and  Ireland  have  ailopted  the  periods  of  fifteen  minutes  and 
four  houre  for  the  duration  of  the  experiment,  at  the  fixed  temperature 
of  80"  Fahr.  or  27°  C.» 

I)upri5  has  carried  out  experiments  (Analynt  vii.  1),  the  results  of 
which  are  in  favour  of  the  modifications  adopted  by  the  Committee. 
Tlie  chief  conclusions  arrived  at  are  : — 

(1)  That,  pra  t  all  o  1«  ompo  to  of  [  er  a  j,  nat  takes 
place  during  four  1  rs  vl  en  1  ge  f  e  1  i  a  lo  e  I  essel  at  ''C  th 
^lerfectly  pure  wate  an  I  tl  e  al  ]  roport  o  of  ]  ure  Ipl  ric  acid. 
By  adopting  the  close  I  eaa  1  all  \  jst  or  red  c  j,  at  spher  c 
influence  is  avoid   1 

tUi  method  ( J'laliisl  x.  IIS),  and  b]«)  u  to  the  nncUans  inioWed,  pointa  oat  one  Faituce 
which  hu  m  all  probability  impr«fl*ed  ItBeLf  upoD  other  opei«Con,  thOit  ia  tj>  eoy,  the  effect 

purt  eacapinr  iiilo  the  air,  and  the  reat  Dullifying  the  reducing  elTect  of  any  oHunic  matt«r 
preamt  on  the  penuansaiiate.  If,  however,  the  eiperiment  b«CDDduat«d  at  hi^htempar- 
atureina  closed  yaasEi,  the  probablo  error  la  eliminated,  became  the  chlorine  is  retJned. 
■Dd  ■nbaequeatl;.  when  cool  and  the  loussium  iodfdo  luldoi).  th> 


r  chloHdei, 


□r  32' F.  u  pOBslhle,  and  uses  phoaphoric  acid  In  place  oT  snlphur 
50  gTn.  |^sj!ialacid  to  the  liter;  lOc.c.  of  which  is  used  for  ea<?h  quarter  or  half  liter  of 
Iter  J.  The  aampls  is  cooled,  the  rea^^nt  added  in  a  atoppered  bottle,  and  kept  in  an 
■dinaty  refrlgenitoc  for  Iweniy-lour  houn.  The  nme  opemloi  verj  rightli  condenina 
LS  practice  adopted  t?  aome  chemlita,  eapeciall;  thoae  of  German;,  of  boiUng  a  water 
ith  permiuigBJiate  and  aulphnric  ncld.  The  presence  of  chlorides  In  isrjing  proportioDe 
nst  m  Bocb  eaae  tolallj  vitiate  the  reaults. 

H   U 
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(2)  The  standardizing  of  tlie  thiosulphate  and  permanganate, 
originally  and  from  time  to  time,  must  be  made  in  a  cloaed  vessel  in 
the  same  manner  as  the  analysis  of  a  water,  since  it  has  been  found 
that  when  the  titration  is  made  slowly  in  an  open  beaker  less 
thiosulphate  is  required  than  in  a  stoppered  bottle.  Tltis  is  probably 
due  to  a  trifling  loss  of  iodine  by  evaporation. 

(3)  That  with  very  pure  waters  no  practical  difference  is  produced 
by  a  rise  or  fall  of  tein])erature,  tlie  same  results  being  obtained  at 
32°  F.  as  at  80°  V.  On  the  other  hantl,  with  fwlluted  waters,  the 
greater  the  organic  pollutioii,  the  greater  tJie  difference  in  the  amount 
of  oxygen  absorbed  according  to  temperature. 

(4)  As  to  time,  it  appears  that  very  little  difference  occurs  in  good 
waters  between  three  and  four  hours'  digestion ;  hut  with  bad  waters 
there  is  often  a  very  considerable  increase  in  the  extra  hour ;  and  thus 
Dupr^  doubts  whether  even  four  hours'  digestion  suffices  for  very 
impure  waters. 

The  necessary  standard  solutions  for  working  the  process  will  be 
described  further  on.     {For  method  of  jirocedure  see  p^e  477.) 

ComparlBon  of  the  Hesults  of  this  Frooeaa  with  the 
Oombuatioii  Hethod. — I  cannot  do  lietter  than  quote  Franklaiid's 
remarks  on  this  subject,  as  contained  in  his  treatise  on  Water 
Analyxis : — 

"  The  objections  to  the  oxygen  process  are  flr^t,  that  its  iodioitions  ars 
only  oompanitiTe,  and  not  absolute;  and,  second,  that  i(e  oomparisons  are 
only  true  when  the  organic  matter  compwed  is  substantially  identical  in 
compoeition. 

"  For  many  years,  indeed,  after  this  process  wus  first  introduced,  the  action  ot 
the  pennangBnato  v/ta  tacitly  assumed  to  exteod  to  the  complete  oxidation  of  the 
organic  matter  in  the  i^ater,  and,  therefore,  the  result  of  the  experiment  was 
generally  stated  an  'the  amount  of  oxygen  required  io  oiidize  the  organic 
matter;  wfailit  some  chemists  even  employed  the  number  bo  obtained  to  calculate 
the  actual  weight  of  organio  matter  in  the  water  on  the  assumption  that  equal 
weights  of  all  kinds  of  orgaoio  matter  required  the  same  weight  of  oxygeu  for 
their  complete  oxidation, 

"Both  these  assumptions  have  been  conoKmivcly  proved  to  be  entirely 
fallacious,  for  it  has  been  experimentally  demonstrated  by  operating  upon 
known  quantities  of  orgauic  Hubstnnce.s  dissolved  in  water,  that  there  is  no 
relalion  either  between  the  absolute  or  rehiCive  weight  of  different  oi^nio 
matters  aud  the  oxygen  which  such  matters  abstract  from  permanganate. 

"  Nevertheless,  in  the  periodical  examination  of  waters  from  the  same  source,  I 
have  noticed  a  remarkable  parallelism  between  the  proporl.ions  of  organic  oartran 
and  of  oxygen  abatraoted  from  perman(,amtc  Thui  tor  man*  years  past  I 
have  seen  in  the  monthlj  examination  of  tl  e  naters  of  tbe  Thames  and  Lea 
supplied  to  London  such  a  paraUohsm  hetwcon  the  numbers  giien  by 
Tidy,  expressing  'oxygen  oonsumed  and  those  obta  ned  bj  mi-ielf  [d  the 
delcrmination  of  '  organic  oarbon 

"  This  remarkable  agreement  ot  the  two  processes  eit^ndin^  as  it  did  to 
l,4IS  out  of  1,6S6  .'^mplo'  encouraged  me  to  hope  tliat  a  constant  multiplier 
might  be  found,  by  whioh  the  oxygen  consumed  of  the  PorscUamnier 
process  could  be  translated  into  tbe  oritauic  carbon  of  the  combustion  method 
of  analysis.  To  test  the  possibility  of  inch  a  conversion  my  pupil. 
Woodland  Toms,  made  at  ray  >uggestion  the  comparative  exiwnments 
recorded  in  the  following  tables 
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I.— Biver  Water. 


Chelsea  Cconpany'*  supply 
West  Middlesex  Co.'s  „ 
jAmbeth  Co.'s  „ 

Southwark  Co.'s  „ 

New  RiTpr  Co.'s 
Chelwa  Co.'s  oecond  ninple 
Lambeth  Co.'s         „ 
New  Eivcr  Co.'s 


0116 

2-5     = 

0-291 

0119 

2-43  = 

0-282 

0-121     X    2-22  = 

0-269 

007« 

2-4      -      J 

0-183 

0-070 

a6»  =    ■ 

0-188 

0119 

1'98   = 

0-284 

0107 

225  - 

0-221 

"  As  tbe  result  of  these  experiments  tlie  average  multiplier  is  2'38,  and  the 
maximum  erroni  iucurred  bj  its  use  would  be  —  0*021  part  of  oi^nic  carbon 
in  tbe  case  of  the  second  sample  of  the  ChelNA  Company's  water,  and  -i-  O'OKl 
part  io  that  of  the  second  sample  of  the  Lambeth  Company's  water.  These 
errors  would  practically  have  little  or  no  inQuence  upon  the  analyst's  opinion 
of  the  quality  of  the  water.  It  is  desirable  that  this  comparison  should  be 
extended  lo  tbe  water  of  olher  moderately  polluted  riTers. 


II.— Deep  Well  Water. 


0-016  K  61  = 
0D133  X  6-9  - 
0-03        >■    5-3  = 


,        Organia 

carbon  br 
combuttion. 


0-077 

0-004 

0-168 


Kent  Company's  supply 
Colne  Valley  Co.'s    „ 
Hodgson's  Brewery  well 


"  I'he  relation  between  '  onygen  consumed '  and  '  organic  carbon '  in  the  case 
of  deep  well  waters  is  thus  very  diflerent  from  tiat  which  obtains  in  the  case  of 
river  waters,  and  the  averajre  multiplier  deduced  from  the  foregoing  examples 
is  58,  with  maximum  errors  of  +  001  at  organic  carbon  in  tbe  case  of  the  Kent 
Compiny's  water,  and  —  0015  i[i  that  of  the  Coloc  Valley  water.  Such  slight 
errors  are  quite  unimportant. 

"  Similar  comparative  experiments  made  with  shallow  well  and  upland  surface 
waters  showed  amongst  themselves  a  wider  divergence,  but  pointed  to  an  average 
multiplier  of  2-28  for  shallow  well  water,  approximately  the  name  as  that  found 
for  moderately  polluted  river  water,  and  18  for  upland  surface  water. 

"  In  the  interpretation  of  the  results  obtained,  either  by  the  Forschammer 
or  combustion  process,  the  adoption  of  a  scale  of  organic  purity  is  often  useful 
to  the  analyst,  although  a  classification  according  to  such  a  xcale  may  require  to 
be  modified  by  couHidemtious  derived  from  the  other  analytical  data.  It  ia 
indeed  necoisary  to  have  a  separate  and  more  liberal  scale  for  upland  surface 
water,  the  organic  matter  of  which  is  usually  of  a  very  ionecent  nature,  and 
derived  from  sources  precluding  lU  infection  by  xymotio  poisonii. 

"  Subject  to  modification  by  the  other  analytical  data,  the  following  scale  of 
classification  has  beec  suggested  by  Tidy  and  myself:  — 

Section  I.~UpIand  Snrfbce  Water. 
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"  Class  IV.  Impun  loaltr,  ibwrbing  more  tlian  0-4  part  per  100,000  or 
0-28  giHin  per  gallon. 

Seotion  II.— Water  other  thao  Upland  Surface. 

"  Clans  I.  Water  of  great  organic  purilii,  sbsorbiag  from  perEDODguiate 
not  mora  than  OiJo  part  of  oxygen  per  100,000  pirts  ot  wafer,  or  0-036  gmin 
per  gallon. 


"  Class  III.  Water  of  donblful  ptriltf,  absorbing  from  O^IB  to  O'B  part 
of  oxygen  per  100,000,  or  01  to  015  grain  per  gallon. 

"  Class  rV.  Impure  ira/er,  absorbing  more  tbnii  0'2  part  ot  oxygen  per 
100,000,  or  0*15  unin  per  gallon. 

The  Albuminoid  Ammonia  Process. 

Wanklyn,  Cliai>niaii,  and  Smith  are  the  authiirs  of  this  well- 
knoirn  methoil  of  estimating  the  quantity  nf  nitrojieiioua  organic 
matter  in  water,  wliich  deftetula  upon  the  conversion  of  the  nitrogen 
in  such  organic;  inatt«;r  into  ammonia  when  distilled  with  an  alkaline 
solution  of  potassium  pennanganate  (J.  C.  S.  1867,  591). 

The  authora  have  given  the  term  "  Alhuniinoid  amnionia  "  to  the 
NH.,  produced  from  nitrogenous  matter  by  the  action  of  the 
permanganate,  doubtless  because  the  first  experiments  made  in  the 
|>rocess  were  made  with  albuminous  substances  ;  but  the  authors  also 
proved  tliat  ammonia  may  be  obtained  in  a  similar  way  from  a  great 
variety  of  nitrc^enous  organic  substances,  such  as  hippuric  acid, 
narcotine,  strychnine,  morphine,  creatine,  gelatine,  casein,  etc, 
Unfortunately,  however,  although  the  proportion  of  nitrogen  yielded 
by  any  one  substance  when  treated  with  lioiling  alkaluie  permanganate 
appears  to  be  definite,  yet  different  substances  give  different  proijortions 
of  their  nitrogen.  Thus  hippuric  acid  and  narcotine  yield  the  whole, 
but  strychnine  and  morphine  only  one-half  of  their  known  proportion 
of  nitrogen.  Hence  the  value  of  tlie  numerical  results  thus  obtained 
dejiends  entirely  on  the  assumption  that  the  nitrogenous  organic 
matter  in  water  is  uniform  in  Hi  Ttaliuv,  and  the  authors  aay  that  in 
a  river  polluted  maiidy  by  sewage  "  the  disintegrating  animal  refuse 
would  be  pretty  fairly  measured  by  ten  times  the  albuminoid  ammonia 
which  it  yields." 

It  is  stated  liy  the  authors  that  the  alhnminoid  ammonia  from 
a  really  good  drinking  water  should  not  exceed  0-008  [lart  in  100,000. 
The  average  of  fifteen  samples  of  Tliames  water  supplied  to  London 
by  the  various  Water  Companies  in  1867  was  0-0089,  anri  in  five 
wimples  supplied  by  the  New  Kiver  Company  0-0068  part  per  100,000. 

The  necessary  standaiil  solutions  anil  directions  for  working  the 
jiroce^^s  will  he  described  further  on  (page  476). 
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For  Sfls  Water  or  Waters  containing  large  amounts  of 
Chlorides,  Bromides,  etc. 

The  ordinarj'  metliod  cannot  be  applied  to  these  waters,  and 
a  modified  fonn  has  been  devised  by  Lenormand  (C.  N.  Ixxxix.  219) 
by  whicli  Diiboscq's  colorimeter  is  uaed,  but  probably  other  instru- 
ments of  the  same  class  can  be  available. 

The  permanganate  used  is  the  same  as  is  used  in  the  above  method 
(p.  472),  and  in  addition  a  saturated  solution  of  sodium  bicarbonate 
b  necessary. 

Method  of  PRoCEDrsE :  Place  100  c.c.  of  the  iraler  to  be  eianiined  in 
B  beaker  with  10  c.c.  of  the  pentiBiig»iiat«  and  10  c.o.  of  the  bicarbonate  of 
BOcU  »lutions.  Boil  for  ^u  minulefl,  and,  after  cooling,  bring  the  volume 
up  to  100  c.c.  with  distilled  water.  Allow  to  eettle  completely,  and  decaot 
the  liquid  into  one  of  the  colorimeter  glasses,  and  io  the  other  plaoa  a  solution 
[ormed  of  10  c.o.  of  permungHnate  and  BO  c,c,  of  distilled  water.  Then  maice 
the  tints  appear  equal. 

Nov,  let  J-  be  the  quantity  of  permaogaual^  remaining  after  boiling,  p  the 
amount  o(  perDiuiganat«  in  100  c.c.  of  the  check  sample,  H,  the  degree  under 
which  the  wal«r  in  question  is  being  examined,  uud  H  that  of  the  check  sample. 
We  get  — 

H  ■ 
or,  replacing  j>  by  its  value, — 

1  =  000395-^; 

the  amount  of  jiermanganate  that  has  disiappeared  during  boiling  will  be 
eipressed  by  the  formula — 

000395-00331)3^,  or  0-00395^    H")' 
but  0*00396  o(  permangumite  of  potassium  corresponds  to  1  m.^rm.  of  ox^en 
the  quantity  0^X895  ( —|- — J  will  correspond  to  a  quantity  equal  lo—^ — . 
EXAHTLE.— Let  E,^40and  H  =  S6'4,  the  quantityof  oxygen  Sied  by  100  c.c. 
of  water  will  be  =0-34  m.gm.,  or  3'*  m.gm.  per  titer. 

The  method  is  constant  in  its  applicotions,  and  the  inlcnsitv  of  the  final  tint 
obtained  always  givi^s  the  same  results  with  one  jKirliciilargauiple,  no  matter  how 
many  times  it  is  repeated,  jirovided  the  operations  are  conducted  under  identical 
conditions. 

FBEFABATXOH  OF  THE  BEAQEirrS  FOB  THE 
SANITABT  ANALYSIS  OF  WATEBS  WITHOUT 
GAS   AFFABATUS. 

g  100.  The  Water  Goniniittee  of  the  Society  of  Public  Analysts 
of  Great  Britain  and  Ireland  have  drawn  up  some  very  concise 
directions  for  the  practice  of  water  analysis  for  sanitary  ]>uqioseH, 
based  upon  well-known  processes,  the  essential  parts  of  which  are 
given  below.  There  are  some  shght  inodiHcations,  such  as  the  use  of 
the  grain  measure  instead  of  tlie  gram,  etc.  The  insertion  here  of 
these  directions  in  full,  or  nearly  so,  necessarily  rejwats  some 
processes  wliicli  liave  been  already  described  in  ^  96  and  97,  but 
it  avoids  cross-references,  and  at  the  same  time  gives  some  slight 
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practical  modilicatioiia  whicli,  to  some  operators,  may  se«m  deaJrable. 
The  Committee  recommend  the  results  to  be  recorded  in  grains  per 
imjierial  gallon;  but  wliatever  ayetem  of  weights  and  measures  the 
individual  analyst  may  use,  a  slight  calculation  will  enable  him  to 
state  the  results  in  any  required  way. 

Beagents  for  the  EBtimation  of  Chlorine. 

Standard  solution  of  silver  nitrate. — Dissolve  479  parts  of  pure 
recrystallized  silver  nitrate  in  distilled  water,  and  make  the  solution 
up  to  1000  parts.  The  solution  is  to  be  standardized  against  the 
standard  solution  of  sodium  chloride,  and  adjusted  if  necessary. 
1  c.c.=- 0-001  gm.  of  chlorine.  • 

Standard  solution  of  sodium  chloride. — Dissolve  r649  part  of 
pure  dry  sodium  chloride  in  distilled  water,  and  make  the  solution  up 
to  1000  parts,     1  c.c.  contains  O-OOI  giu.  chlorine. 

Potassium  monochromate, — 50  parts  of  potassium  monochromate 
are  dissolved  in  1000  parts  of  distilled  water.  A  solution  of  silver 
nitrat*  is  added,  until  a  permanent  red  precipitate  is  produced,  which 
is  allowed  to  settle.     This  removes  any  accidental  chlorine  in  the  salt. 

Reagent  for  the  Eatimation  of  Phosphoric  Acid. 

Molybdic  solution. — One  part  pure  molybdic  acid  is  dissolved  in 
4  parts  of  ammonia,  sp.  gr.  0*960.  This  solution,  after  filtration,  is 
poTired  with  constant  stirring  into  15  parts  of  nitric  acid  of  1-20 
sp,  gr.  It  should  be  kept  in  the  dark,  and  carefully  decanted  from 
any  precipitate  which  may  form, 

i'or  method  of  procedure  see  page  474. 

BeagentB  for  the  Estimation  of  Nitrogen  in  Nitrates. 

Concentrated  sulphuric  acid. — In  oi'der  to  ensure  freedom  from 
oxides  of  nitrogen,  this  should  be  kept  in  a  bottle  containing  mercury, 
and  agitated  from  time  to  time,  which  will  ensure  their  absence. 

Metallic  aluminium. — As  thin  foil. 

Solution  of  sodium  hydrate. — -Dissolve  100  parts  of  solid  sodium 
hydrate  in  1000  parts  of  distiUed  water.  When  cold,  introduce 
a  striji  of  aliout  100  square  cm.,  say  fifteen  square  inches,  of 
aluminium  foil,  previously  heated  just  sliort  of  redness,  wrapped 
round  a  glass  rod.  When  the  aluminium  is  dissolve<l,  boil  the  solution 
briskly  in  a  jwrcelain  basin  until  about  one-third  of  its  volume  has 
been  evaporated,  allow  it  to  cool,  and  make  it  up  to  its  original  volume 
with  water  free  from  ammonia.  The  solution  must  lie  tested  by 
a  blank  experiment  to  prove  the  absence  of  nitrates. 

Bivken  pumice, — Clean  piiiuicf,  broken  into  pieces  of  the  size  of 
small  peas,  sifted  free  from  dust,  heated  to  redness,  and  kept  in 
a  closely  stoppered  bottle. 
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Hydrochloric  acid  free  from  ammonia. — If  the  ordinary  pure  acid 
ia  not  free  from  ammonia,  it  should  be  distilled.  As  only  two  or 
three  drops  are  used  in  each  experiment,  it  will  be  sufficient  if  that 
quantity  does  not  contain  an  appreciable  proportion  of  ammonia. 

Copper  sulphate  solution.— Dissolve  30  parts  of  pure  copper 
sulphate  in  1000  parts  of  distilled  wat«r. 

Metallic  zinc — As  thin  foil.  This  should  be  kept  in  a  dry 
atmosphere,  so  as  to  ]>c  preserved  as  far  as  possible  from  oxidation. 

Standard  solution  of  aiRmonium  chloride  (see  below). 

Nessler's  solution  {see  below). 

Standard  potassium  nitrate  of  "/looo  strength,  made  by  dissolving 
O'lOll  gm.  KNOj  in  a  liter  of  water  free  from  nitrates  or  nitrites. 

Indigo  carmine. — A  good  quabty  of  this  substance  (sodium 
sulphindylate)  should  be  selected,  such  aa  wUl  not  give  a  very  dark 
brown  when  oxidized  with  nitric  acid,  and  about  a  gram  dissolved  in 
half  a  liter  of  dilute  pure  sulphuric  acid  (1  to  20).  This  solution 
keeps  in  the  dark  for  months  without  diminution  of  strength. 

Pure  sulphuric  acid.— This  must  be  free  from  nitric  or  nitrous 
compounds,  and  of  not  less  sp.  gr.  than  r84. 
For  method  of  procedure  see  page  446. 

Reagents  for  the  Estimation  of  Nitrogen  as  Ammonia 
and  Albuminoid  Ammonia, 

Concentrated  standard  solution  of  ammonium  chloride. — Dissolve 
3'15  parts  of  pure  ammonium  chloride  in  1000  parts  of  distilled  water 
free  from  a 


Standard  solution  of  ammonium  chloride. — Dilute  the  above  with 
pure  di3tille<1  water  to  100  times  its  bulk.  This  solution  is  used  for 
comparison  in  Nesslcrizing,  and  contains  one  part  of  ammonia  (NH^) 
in  100,000,  or  yJo  m.gm.  in  each  c.c. 

Nessler  solution. — Dissolve  35  |>arts  of  potassium  iodide  in  100 
parts  of  water.  Dissolve  17  parts  of  mercuric  chloride  in  300  parts 
of  water.  The  liquids  may  l>e  heated  to  aid  solution,  but  if  so  must 
be  cooled.  Add  the  latter  solution  to  the  former  until  a  permanent 
precipitate  is  producei:!.  Then  dilute  with  a  20  per  cent  solution  of 
sodium  or  potassium  hydrate  to  1000  parts;  add  mercuric  chloride 
solution  uutil  a  {Permanent  precipitate  again  forms ;  allow  to  stand  till 
settled,  and  decant  off  the  clear  solution.  Tlie  bulk  should  be  kept 
in  an  accurately  stoppered  bottle,  and  a  quantity  transferred  from 
time  to  time  to  a  small  bottle  for  use.  The  solution  improves  by 
keeping.  It  will  be  noticed  that  this  solution  is  only  about  half  the 
strength  of  the  one  given  on  page  417  ;  of  course  a  larger  volume  has 
to  be  used  in  testing. 
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Sodium  carlxiiiatc.— A  20  j>er  cent,  solution  of  recently  ^lited 
pure  sodium  carbonate. 

Alkaline  perraangauate  auliition.^l  )isst>lve  200  parts  of  potassium 
hydrate  and  eight  parts  of  pure  ])otassinm  permanganate  iu  1,100 
parts  of  distilled  water,  and  Iwil  the  solution  rapidly  tiU  concentrated 
to  1000  parts. 

Distilleii  water  free  from  ammonia  {see  jiagii  418). 

For  metliwl  of  procedure  see  pages  475,  476. 

BeagentB  for  the  Estimation  of  Oxygen  absorbed. 

Standard  solution  of  potassium  permanganate.— Dissolve  0'395 
part  of  pure  potassium  permanganate  in  1000  of 'water.  Each  c.c. 
contains  00001  gm.  of  available  oxygen. 

Potassium  ioilide  solution. — One  part  of  the  pure  salt  dissolved  in 
ten  parts  of  distilled  water. 

Dilute  sulphuric  acid. — tine  part  by  volume  of  pure  sulphuric  acid 
is  mixed  witli  three  parts  bj'  volume  of  distilled  water,  and  solution 
of  potassium  permanganate  dropped  in  until  the  whole  retains  a  very 
faint  pink  tint,  after  warming  to  80°  F,  for  foxir  hours. 

Sodium  thiosulphftte. — One  part  of  the  pure  crystallized  salt 
dissolved  in  1000  jwrts  of  water. 

Starch  indicator. — Tlie  liest  form  in  which  to  use  this  is  the  solution 
described  on  jjage  134. 

For  method  nf  procedure  see  page  477. 

Beagents  for  the  Sstimatioii  of  HardneBS. 

Concentrated  standard  solution  of  calcium  cliloride. — Dissolve 
l'144gm.  of  pure  crystallized  calc-spar  in  dilute  hydrochloric  acid 
(with  the  precautions  given  on  page  433),  then  dissolve  in  water,  and 
make  up  to  a  liter. 

Standard  water  of  8°  hardness.— This  is  made  by  diluting  the 
foregoing  concentrated  solution  to  ten  times  its  volume  wjtli  fresiily 
boiled  and  cooled  distilled  water. 

Standard  soap  solution  (is  made  pi-ecisely  as  directed  on  page  423). — 
It  should  be  of  such  strength  as  just  to  form  a  permanent  lather, 
when  18  c.c.  is  shaken  with  100  c.c.  of  water  of  8"  hardness.  The 
following  table  will  then  give  the  degrees  of  hardness  corresjKjnding 
to  the  number  of  c.c.  employed. 

HudicH.  MesBureB.  Hardiiese.  Ueanma. 

0°  0'9  5^  12-0 

1°  2-9  6°  14-0 

2°  5-4  7°  16-0 

3°  7-7  8°  18-0 


^d  by  Google 


§  100.  WATEB  AXn  SELVAGE  ANALYSIS.  473 

After  which  one  degree  =2  c.c.  This  ia  the  last  aolution 
recommended  by  Dr.  Clark,  and  differs  slightly  from  the  scale  given, 
on  page  452 ;  the  variation,  liowever,  is  very  insignificant  except  in 
the  first  two  stages  of  the  table. 

For  metliod  of  procedure  see  page  478, 

The  Analytdoal  Prooeases. 

CoUeotdon  of  Siunples.— Tlie  fame  tis  directed  on  page  421. 

Appearance  in  Two-foot  Tube. — The  colour  or  tint  at  the  water 
must  be  atoertuned,  by  eiamioation,  in  a  tube  tivo  feet  long  and  two  inches  iu 
diameter.  This  tube  should  be  made  of  j^laas  as  nearlj  colourlesa  as  may  be,  and 
■  should  be  covered  at  each  end  with  a  disc  of  perfectly  colourlesa  glass,  cemented 
OD,  an  opening  being  left  for  filhnc;  and  emptying  the  tube.  This  opening  may 
be  made,  either  by  cutting  a  half-segment  off  the  glaw  dise  at  one  end,  or  m 
cutting  a  small  segmental  section  out  of  the  tube  itself,  before  the  disc  is 
cemented  on.  These  tubes  are  most  conveniently  kept  on  hooki  id  a  horizontal 
position  to  prevent  the  entrance  of  dust. 

The  tube  muet  be  about  half-SUed  n^ith  the  water  to  be  examined,  brought 
into  a  horizontal  position  level  with  the  oj'e,  and  directed  towards  a  well- 
illuminated  white  surface.  The  comparison  of  tint  has  to  be  made  between 
the  lower  half  of  the  tube  containing  the  water  under  einminatiou,  and  the 
upper  halt  containing  atmDBi>heric  air  only. 

Smell.— Put  not  less  than  three  or  four  ounces  of  the  water  into  a  clean 
eight-ounce  wide-mouthed  stoppered  glass  bottle, .  which  has  been  previously 
rinsed  with  the  same  water.  Inrart  the  stopper,  and  warm  tbe  water  in  a 
water  bath  to  10(f  Y.  (36°  C).  Remove  the  bottle  from  tbe  water-batb,  rime 
it  ontaide  with  good  water  perfectly  free  from  odour,  and  shake  it  rapidly  for 
a  few  seconds ;  remove  the  stopper,  and  immediately  observe  if  the  water  has 
any  smell.    Insert  the  stopper  again,  and  repeat  this  t«sL. 

When  the  water  has  a  dislinct  odour  of  any  known  or  recognized  polluting 
matter,  such  as  peat  or  sewage,  it  should  be  so  described;  when  this  is  not  the 
case,  the  smell  must  be  reported  simply  as  none,  very  slight,  slight,  or  marked, 
OS  the  case  may  be. 

Chlorine. — Titrate  at  least  K  c.c.  of  the  water  with  the  standard  silver 
nitrate  solution,  either  in  a  white  porcelain  basin  or  in  a  glass  vessel 
standing  on  a  porcelain  slab,  using  potassium  chromate  as  an  indicator.  The 
titration  is  conducted  as  follows -.^The  sample  of  water  is  measured  into  the 
basin  or  beaker,  and  06  c.c,  of  potassium  chromate  solution  added.  The 
standard  silver  nitrate  solution  is  then  run  in  cautiously  from  a  burette, 
until  the  red  colour  of  the  precipitated  silver  chromate,  which  is  always 
obsened  at  the  point  where  the  silver  solution  drops  in,  ia  no  longer  entirely 
discbai^^  on  stirring.  The  burette  is  then  read  off.  It  is  best  to  repeat  the 
experiment,  as  follows: — Add  a  few  drops  of  dilute  sodium  chloride  solution  to 
tbe  water  last  titrated,  which  will  discharge  the  red  colour.  Measure  out  a 
fresh  portion  of  tbe  water  to  be  titrated  into  another  basin,  and  repeat  tbe 
titration,  keeping  the  first  sample,  the  colour  of  which  has  been  disohai^^ 
side  by  ^de  with  the  second,  so  as  to  observe  the  first  permanent  indication 
of  difference  of  colour.  If  tbe  quantity  of  chlorine  be  so  small  that  still 
greater  accuracy  is  necessary,  the  titration  may  be  conducted  in  the  same  nay 
as  last  described,  but  instead  of  tbe  operator  looking  directly  at  the  water 
containing  the  chromate  solution,  he  may  place  between  the  btsin  containing 
the  water  and  his  eye,  a  fiat  glass  cell  containing  some  water  tinted  with  the 
chromate  solution  to  the  same  tint  as  the  water  which  is  being  tested,  or  may 
look  through  a  glass  coated  with  a  gelatine  film  coloured  with  the  same  salt 
(see  §  44).  Care  must  always  be  taken  tbat  the  water  is  us  nearly  neutral 
as  poswble  before  titration.     It  originally  acid,  it  should  be  neutralized  with 
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precipitated  calcium  carbouate.  If  the  proportion  of  chlorine  be  less  than 
0'6  KTun  per  f^lon,  it  is  dwirable  to  lake  s  lar^r  qoantit;  of  the  water,  raj 
2S0  v.c,  for  the  eBtimation,  and  to  <HiiiceDtiate  this  quaatitj  dd  the  water  bath 
before  titratiog  it,  bo  ae  te  bring  it  to  about  lOU  c.o.  This  titratian  maj  be 
performed  b;  gis-light. 

Phosphoric  Acid,— The  ignited  total  residue,  obtained  aa  hereafter 
directed,  ib  to  be  treated  with  a  few  drops  of  nitric  acid,  and  the  silioa  rendered 
inaotuble  by  evapomtioa  to  drjnees.  The  residue  ia  then  taken  up  with  a  tew 
dr<^B  of  dilute  nitric  acid,  rome  water  is  added,  and  the  solution  is  filtered 
through  a  liltor  previourly  washed  with  dilute  nitric  acid.  The  filtrate,  which 
should  measure  about  3  c.c.  i»  mixed  with  3  c.c.  of  molybdio  solution,  gentlj 
warmed,  and  set  aside  tor  fifteen  minutes,  at  a  temperature  of  B0°  P.  The 
result  ia  reported  as  "  traces,"  "  heavy  traces,"  or  "  very  heavy  traces,"  when  a 
colour,  turbidity,  or  definite  precipitate,  are  respectively  produced,  after  standing 
for  fifteen  minutes.    Another  method  is  given  on  page  468. 

Nitrogen  in    ITitrates.^This   may   be  determined  by  one   of  the 

following  processes;  vii.,  Crtrni,  Copper-xinc  Couple,  or  AluminisfH,  or  the 
colorimetric  phenol  method  may  be  used  as  described  in  §  71.8.  The  indigo 
method  is  only  available  for  approximate  results.  Analysis  should  report  which 
process  is  employed. 

Cbcu  Method.— This  is  described  on  page  443,  or  it  may  be  carried  out 

in  a  Lunge's  nitrometer  as  follows: — 250  c.o.  of  the  water  must  be  oon- 
centr^kted  in  a  basin  to  2  c.c.  meaeure.  A  Lunge's  nitrometer  is  charged 
with  mercury,  and  the  three-way  stop-cock  closed,  both  to  measuring  tube 
and  waste  pipe.  The  concentrated  fillrate  is  poured  into  the  cup  at  the  top 
of  the  measuring  tube,  and  the  vessel  which  contained  it  rinsed  with  1  c.c.  of 
water,  and  the  contents  added.  The  etop-cock  is  opened  to  the  measuring  tube, 
and,  by  lowering  the  pressure  tube,  the  liquid  is  drawn  out  of  the  cup  into  the 
tube.  The  bnsin  is  ajfain  riused  with  5  c.c.  of  pure  strong  sulphuric  acid,  and 
this  is  also  transferred  to  the  cup  and  drawn  into  the  measuring  tube.  The 
stop-cock  is  ouce  more  closed,  and  12  c.c.  more  sulphuric  acid  put  into  the  cup, 
and  the  atop-cock  opened  to  the  measuring  lube  uutil  10  c.c.  of  acid  have  passed 
in.  The  excess  of  aoid  is  discharged,  and  the  cup  and  waste  pipe  rinsed  with 
water.  Any  gas  which  has  collrcted  in  the  measuring  tube  is  expelled  by 
opening  the  stopcock  and  rinsing  the  pressure  tube,  taking  care  no  liquid 
escapes.  The  stop-cock  is  closed,  the  measuriug  tube  taken  from  its  clamp  and 
shaken  by  bringing  it  slowly  to  a  nearly  horizontal  position,  and  then  suddenly 
mising  it  to  a  verticjil  one.  This  shaking  is  continued  until  nomoro  gas  is  given 
off,  the  operation  being,  as  a  rule,  complete  in  fifteen  minutes.  Now  prepare  a 
mixture  of  one  part  of  water  with  five  parts  of  sulphuric  acid,  and  let  it  stand 
to  cool.  After  an  hour,  pour  enough  of  this  mixture  into  the  pressure  tube  to 
equal  the  length  of  the  column  ot  aciduUlod  water  in  the  working  tube,  bring 
the  two  tubes  side  by  side,  rai^e  or  lower  the  pressure  tube  until  the  mercury  is 
of  the  same  level  in  both  tubes,  and  read  off  the  volume  of  nitric  oxide  (for 
calculation  of  nitrogen  see  page  268).  This  volume,  expressed  in  o.c.'s  and 
corrected  to  normal  temperature  and  pressure,  gives,  when  multiplied  by  0*175, 
the  nitrogen  in  nitrates,  in  groiiit  per  nation,  if  250  c.o.  of  the  water  have 
been  used. 

Copper  zisc  Couple  Method  (already  described  on  page  446). 

ALVHiMrH  Method.— This  is  carried  out  as  follows: — 50  c.c.  of  the 
water  are  introduced  into  a  retort,  and  60  c  c.  ot  a  10  per  cent,  solutjon 
of  caustic  soda,  free  from  nitrates,  added.  If  necessary,  the  contents  of 
the  retort  should  be  distilled  uniil  the  sample  is  free  from  ammonia.  The 
retort  is  Ihen  cooled,  and  a  piece  ot  aluminium  foil  introduced  into  it.  The  neck 
of  Ihe  retort  is  inclined  upwards,  and  its  mouth  closed  with  a  perforated  rork, 
through  which  passes  the  narrow  end  of  a  small  chloride  of  calcium  tube  filled 
with  powdered  pumice  or  gla'w  beads  welted  with  very  dilute  hydrochloric  acid 
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free  from  ammonia.  TbiB  tube  U  -connected  with  a  second  tube  containing 
pumico  stone  moistened  with  stroug  sulphuric  acid,  which  serves  to  prevent  aoy 
ammonia  from  the  air  entering  the  apparatus,  which  is  allowed  to  stand  in  thia 
way  for  »  few  Uoun  or  overnight.  The  contents  of  the  first  absorption  tube- 
that  next  the  retort — are  washed  into  the  retort  with  a  little  distilled  water  free 
from  ammonia,  and  the  retort  adapted  to  a  condenser.  The  contents  of  the 
retort  are  distilled  to  about  half  their  original  volume.  The  distillate  is 
collected,  and  an  aliquot  part  Nesslerized ;  and,  if  necesimTy,  the  rest  of  the 
diatillale  is  dilut«d,  and  an  aliquot  part  again  Nessleriied  as  hereafter  directed. 

Indiqo  Method.— Aq  elaborate  series  of  experiments  made  by  Waringt  on 
upon  this  method  were  described  in  a  former  edition  of  this  book  ;  but 
experieaoe  has  shown  that  the  only  method  by  which  it  can  be  made  serviceable 
in  the  case  of  waters  is  to  have  a  solution  of  indigo  carmine  of  good  quality, 
which  b  standardized  upon  a  very  weak  solutioD  of  potassium  nitrate.  In  this 
manner  very  fur  results  may  be  obtained,  but  it  must  always  be  remembered 
that  the  pruoess  is  only  accurate  with  moderate  proportions  of  nitrates,  therefore 
an;  water  coutainiag  a  Urge  amouDt  of  nitrates  should  be  diluted  witii  distilled 

STtHDABDiziNQ  THE  Incioo.— 10  c.c.  ot  the  standard  nitmte  (p.  471)  are 
run  into  a  thin  tlaak  holding  about  150  c  c,  then  10  v.o.  ot  indigo.  20  c.c.  of 
sulphuric  acid  are  then  quickly  added  from  a  graduated  measure,  and  a  rotary 
motion  given  to  the  flasli  to  mn  the  liquidi— the  flask  is  than  quickly  held  over 
a  spirit  lamp  or  small  gas  burner  U>  maintain  the  heat. 

JF  the  indigo  is  at  once  decolorized,  more  is  run  in  with  constant  heating, 
until,  after  beating  for  about  thirty  seconds,  a  persistent  greenish  colour  is 
apparent.  From  the  number  of  o.o.  of  indigo  decolorized  the  necessary  degree  ot 
dilution  is  calculated,  and  must  always  be  inade  with  the  five  per  cent,  sulphuric 
acid,  and  not  with  plain  water.  Fresh  trials  are  made  in  the  same  manner  until 
the  strength  of  the  indigo  is  accurately  determined. 

.  Method  of  Paoc-KDVBE  fob  Nitbates  in  Watkb. — A  trial  titration 
is  first  made  by  taking  10  c.c.  of  the  water,  adding  indigo,  then  strong  sulphuric 
acid  in  volume  equal  to  the  united  volumes  of  indigo  and  water,  and  heating 
exactly  as  in  standardizing  the  indigo.  This  first  titration  will  show  how  much 
the  water  under  examination  munt  be  diluted,  so  that  it  may  contain  nitric  acid 
approximately  eijual  to  the  ^/looo  potassium  nitrate.  After  the  water  bos  been 
diluted  with  distilled  n-aterfree  from  nitrates  or  nitrites,  fresh  titrations  are  made 
as  before  described  until  the  exact  number  of  c.c.  of  indigo  decolorized  by  10  c.c. 
of  the  diluted  water  is  known.  In  all  cases  it  Ib  important  to  work  to  the  same 
shade  ot  greenish  colour,  after  heating  for  thirty  seconds,  as  was  obtained  in  the 
original  standardizing  of  the  indigo.  Tbe  colour  of  the  oiidizod  indigo  by 
it.-<elf  should  bo  a  clear  yellow. 

Ammonia,  Free  and  Saline.— The  estimation  of  ammonia  present 
in  the  water  in  a  free  or  saline  form,  and  of  that  yielded  by  the  nitrogenous 
matter  present  in  the  water  (commonly  called  albuminoid  ammonia),  is  to  be 
made  on  the  wime  portion  of  the  sample  to  be  analysed. 

Take  not  less  than  600  c.c.  of  the  water  for  these  determinations,  and  distil  in 
a  40-oz.  stoppered  retort,  which  is  large  enough  to  prevent  the  probability  of 
portions  of  the  water  being  spirted  over  into  the  condenser.  The  rie^k  ot  the 
retort  should  he  small  enough  to  pass  three  or  four  inches  into  the  internal  glass 
tubeot  B  Liebig's  condenser.  It  the  fit  between  the  rotort  and  tbe  inside  tube 
of  the  condenser  is  good,  the  joint  may  be  made  by  wrapping  a  small  piece  ot 
washed  tintoil  round  the  retort  tube  so  as  to  pass  jusi  inside  the  mouth  of  the 
condenser  lube.  Many  analysts  prefer,  however,  to  work  with  a  re'ort  fitting 
loosely  into  the  condenser  ;  and  in  such  c-'ixes,  the  joint  between  the 
two  may  be  made  in  one  of  th"  two  following  ways:— (1)  Either  by 
an  ordinary  india-rubber  ring — which  bos  h.en  previously  soaked  in  a  dilute 
soluUon  of  soda  or  potash— being  stretched  over  tbe  retort  tube  in  such  a 
posiiion,  that  when  tbe  retort  tulM  is  inserted  in  the  condenser  it  shall  fit  fairly 
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tightly  n'ithin  the  mouth  of  ths  tube,  about  half-an-inch  from  the  end :  (2) 
Preferably,  wben  tlis  shape  of  the  large  ond  of  tbe  condenser  admits  oF  it,  by  a 
short  length,  say  not  more  than  tno  iDche»,  of  large  size  india-rubber  tubing, 
wbipb  huH  been  previoualy  Boakud  in  a  dilute  solution  at  Boda  or  i>ola»h,  being 
Btretcbed  outside  both  retort  tube  and  condenser  tube,  so  ag  to  couple  them 
together,  so  that  tbe  tube  of  tbe  retort  still  projects  some  inches  into  that  ot 
the  condeneer.  It  iei  very  deisireble  to  have  a  constant  Btream  of  mter  round 
tbe  condenser,  whenever  it  can  be  obtained.  Before  dutillation,  a  portion  of 
the  water  murt  be  tested  with  phenolpbthaiein,  in  order  to  ascertain  if  it  shoiri 
an  alkaline  reaction.  The  portion  bo  tested  must,  of  course,  be  rejected,  and  not 
put  into  the  retort.  If  tbe  water  does  not  show  an  alkaline  reaction,  a  sufficient 
quantity  of  Ignited  Bodium  carboDat«,  to  render  the  nster  distinctly  alkaline, 
must  be  added.  The  distillation  should  then  be  commenced  and  not  less 
than  100  CO.  distilled  over.  The  receiver  should  fit  closely,  but  uot 
air-tight,  on  the  condenser.  Tbe  distillation  should  be  conducted  as  rapidly 
as  is  compatible  with  a  certainty  that  no  spirdng  takes  place.  After  100  c.o. 
have  been  distilled  over,  the  receiver  should  ie  changed,  that  containinfi 
the  distillate  being  stoppered  to  preserve  it  from  access  of  animoniaml 
fumes.  100  c.c.  measuring  flasks  make  convenient  receivers.  Tbe  distilla- 
tion must  be  continued  until  50  c.c.  are  distilled  over  ;  aud  this  second 
portion  of  the  distillate  must  be  tested  with  Nessler's  reagent,  to  ascertain 
if  it  contains  any  ammonia.  If  it  does  Dot,  the  distillation  for  free  or 
nline  ammoaia  may  be  discontinued,  and  this  bst  dititillute  rejected ;  but  if 
it  does  contain  anj',  the  distillation  muitt  be  continued  still  longer,  until 
a  portion  of  50  c.c,  when  collected,  shows  no  colouration  with  the  Nessler 
test.  The  whole  of  tbe  distillates  must  be  NessleriMd  as  follows: — The 
■tandard  solution  of  ammonia  for  comparison  is  that  given  on  pa|{e  471. 
The  distillate  is  tnuirferred  to  a  clean  Nessler  glass,  nnd  one-twentieth  of  its 
volume  of  Nesiler  solution  added.  No  turbidity  must  ensue  on  tbe  addition 
of  the  Nessler  solution  to  the  ivater,  as  such  turbidity  would  be  a  proof 
that  the  distillate  was  contaminated  by  reason  ot  spirting,  and  must  therefore 
be  rejected,  and  tbe  determination  repeated. 

After  thoroughly  mixing  the  water  and  Nessler  solution  in  the  glas<,  an 
approximate  estimate  can  be  formed  of  tbe  amount  of  ammonia  present,  by 
tbe  amount  of  colouration  produced  in  the  solution.  It  nill  now  be  necessary 
to  mix  one  or  more  standard  solutions  with  which  to  compare  the  tint  thuH 
obtained.  ThMe  solutions  must  be  mode  by  mixing  tbe  standard  solution  ot 
ammonium  chloride  with  distilled  water  absolutely  free  from  ammonia,  and 
subsequently  adding  some  of  tbe  simc  Nessler  solution  as  was  previously 
added  to  the  distillate.  Tbis  precaution  is  essential,  because  the  tiut  given  by 
different  samples  of  N  essler  solution  varies. 

Albuminoid  Ammoma.— Aj  soon  as  the  distillation  of  the  free  ammonia 
has  been  sl&rted,  the  alkaline  solution  of  permanganate  should  be  measured  out 
into  a  flask,  ready  for  addition  to  the  n'ater  under  examination,  for  the  distillation 
of  the  albuminoid  ammonia.  The  volume  of  thealkaline  permaDganate  solution 
to  be  token  must  be  at  least  one-tenth  of  that  of  the  water  which  is  beiu);  dis- 
tilled ;  and  should  not  exceed  that  proportion  unlaws  the  water  is  ot  very  bad 
quality,  and  the  solution  must  be  made  in  accordance  with  the  directJons 
contained  in  these  instructions.  This  solution  must  be  diluted  with  four  times 
its  own  volume  of  water,  and  must  be  phwed  in  a  flask  and  baited  during  the 
irbole  time  that  the  distillation  of  the  mmplo  for  free  ammonia  is  being  carried 
on,  care  being  taken  that  the  oouoeotration  does  not  proceed  to  too  great  on 
extent.  There  must  be  enough  of  tbis  boiled  and  dilul«a  alkaline  pemiauganat« 
solution  to  make  up  the  residue  in  the  retort  to  about  600  o.c.  When  the 
distillation  of  the  sample  of  water  for  free  aud  saline  ammonia  is  completed, 
the  alkaline  i>crmanganate  solution,  which  has  been  thus  diluted  and  boiled,  will 
be  ready  tor  use,  and  tbe  distillation  for  albuminoid  ammonia  may  be  proceeded 
with,  as  follows : — 

To  the  residue  left  in  the  retort  from  which  the  free  ammonia  has  been 
distilled,  add  tlie  alkaline  permanganate   solution   to   make  it  up  again  to  » 
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volume  of  at  leaft  500  c.o.,  and  the  lamp  being  replaced,  the  digtillation  must 
be  continued,  and  succeesive  portions  of  the  digtiilat«  again  collected  in 
precitelf  the  eame  way  as  during  the  proc«s!i  of  dietillation  for  free  ammonia. 

After  200  c.c.  or  300  dm.,  uj  two-fifths  of  tlie  volume  contained  in  the 
retort,  have  been  distilled  over,  the  receiver  should  be  changed,  and  furttier 
portioDE  of  50  CO.  collected  separately,  until  the  distillate  is  piscUoJJy  free  from 
ammonia.  The  distillate  must  then  be  mixed,  and  Nesslerized  in  the  same  way 
M  previously  directed  for  free  ammonia.  The  result  so  obtained  must  be 
calculated  to  aminonia  in  grams  per  liter  or  grains  per  gallon,  and  returned  ts 
nlbuminoid  ammooia. 

Special  care  must  be  taken  that  the  atmosphere  of  the  roam  in  which  these 
distillations  ore  performed  is  kept  free  from  ammoniacal  vapours,  and  that  the 
receivers  fit  close,  but  not  air-tight,  to  the  end  of  the  Liebig's  condenser. 
It  is  also  specially  necessary  to  otoerve  that  the  colour  of  the  distillate  deepens 
gradually  after  the  addition  of  the  Nossler  reagent,  and  that  it  is  not  possible 
to  read  oft  the  amount  of  colour  correctly  until  the  ^Nesslerized  liquor  has  stood 
for  at  least  three  minutes,  and  been  intimately  mixed  with  the  ^'essler 
•olution  (see  also  note,  page  427). 

Special  care  must  be  token  that  the  retort,  condensers,  receivers,  funneli. 
Nessler  glasses,  etc.,  used  are  all  rendered  perfectly  free  from  ammonia 
before  use.  Where  the  water  in  use  in  the  laboratory  is  good,  this  may  be 
used  to  thoroughly  rinse  the  apparatus  two  or  three  times,  draining  out  the 
adhering  wal«r ;  ottienvjse  pure  distilled  water  must  be  used.  These  ammonia 
and  albuminoid  ammonia  determinations  should  be  mode  as  soon  as  possible 
after  the  water  has  beea  received  tor  analysis. 

Oxygeu  Absorbed. — Two  separate  determinations  have  to  be  made,  vis., 
the  amount  of  oxygen  absorbed  during  fifteen  mioutes,  and  that  absorbed  during 
four  hours.  Both  are  to  be  made  at  a  temperature  o(  80°  F.  (21°  C),  It  is 
most  convenient  to  malta  these  de1«rminations  in  I2-oz.  stoppered  fiasks,  which 
have  been  rinsed  with  sulphuric  acid  and  then  with  water.  Put  260  c.c. 
into  each  Sask,  which  must  be  stoppered  and  immer-ed  in  a  water  bath  or 
suitable  air  bath  until  the  temperature  rises  to  80"  F.  ^'ow  odd  to  each 
flask  10  c.c.  of  the  dilute  sulphuric  acid,  and  then  10  c.c.  of  the  standard 
permonganate  solution.  Fifteen  minutes  after  tlw  addition  of  the  per- 
manganate, one  of  the  flasks  must  be  removed  from  the  bath  and  two  or 
three  drops  of  the  .Bolution  of  potassium  iodide  added  to  remove  the  pink  colour. 
After  thorough  admixture,  run  from  a  burette  the  standard  solution  of  thio- 
sulphate.  until  the  yellow  colour  is  nearly  destro3-ed,  then  add  a  few  drops  of 
xtarch  indicator,  and  continue  the  addition  of  the  thiosulphate  until  the  blue 
colour  i.a  just  discliarged.  It  the  titration  has  been  properly  conducted,  the 
addition  of  one  drop  of  permanganate  will  restore  the  blue  colour.  At  the 
end  of  tour  hours  remove  the  other  flask,  add  potassium  iodide,  and  titrate  nitli 
thiosulphate,  a?  just  described.  Should  the  pink  colour  of  the  water  in  the 
flask  diminish  rapidly  during  the  four  hours,  further  measured  quantities  of 
the  standard  solution  of  permanganate  must  be  added  from  time  to  time  so  as  to 
keep  it  markedly  pink. 

Tlie  thiosulphate  solution  must  be  standardized,  not  only  at  first,  but  (since  it 
is  lioble  to  change)  from  time  to  time  in  the  following  wa^ :— To  260  c.c. 
of  pure  redistilled  water  add  two  or  three  drops  of  the  solution  of  potassium 
iodide,  and  then  10  c.c.  of  the  standardized  solution  of  permanganate.  Titrate 
with  the  thiosulphate  solution  as  above  described.  The  quantity  u«ed  will 
be  Ihe  amount  of  thiosulphate  solution  corresponding  to  10  c.c,  as  may 
be,  of  the  standardized  perman^nale,  and  the  factor  so  Found  must  be  used 
in  calculating  the  results  of  the  thiosulphate  titrations  to  show  the  amount 
of  the  standard  permanganate  solution  used,  and  thence  the  amount  of  oxj'gen 
abwjrbed. 

Great  care  shotJd  be  taken  that  absolutely  pure  and  fresh  distilled  water 
\s  used  in  standardizing  the  solution,  which  should  also  be  kept  in  the  dark 
and  cool.  It  suffices  to  compare  the  Eolution,  if  kept  in  this  way,  once  in 
three  or  four  days. 
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The  amouDt  of  thiodulphuCe  eolutian  thus  founil  to  be  required  to  combine 
with  the  ioditie  liberated  by  the  pennan^iute  left  undeoompoeed  in  the  mter 
IB  Dot«d  down,  and  the  dhiuUtion  made  a«  followa:— Let  A  — amount  of  Ihio- 
lulphate  used  in  dirtilled  water,  and  B— that  used  for  wat*r  under  a xami nation. 
Then  A  expreeses  the  amountofpermaDganate  added  to  the  water  under  eiamina- 
tjon,  and  B  the  antount  of  permanganate  in  eioeaa  of  that  which  the  or){anic 
matter  in  the  water  hai  deatroyed.  Therefore  A— B  is  the  amount  aolmllj 
consumed.  If  the  amount  of  available  ox^g;en  in  the  quantity  of  permanganate 
criginallj  added  be  a,  the  oiygen  required  to  oiidiie  the  organic  matter  iu 
the  water  operated  on  would  be  (^"P)  "■     But  a  (available  oiyffen  in  the 

10  c.c.  of  standard   pennanganate   used)  — (COOl.     Therefore,    — -— = 

oiygen  for  250  c.c;  or,  '^-^j'' —  =p»rtB  of  oiygon  required  for  100,000 parts 

of  water.  Or,  in  other  words,  the  difference  between  the  quantity  of  tbio- 
aulphate  used  in  the  blank  eiperimeut  and  that  used  in  the  titration  of  the 
samples  of  water  multiplied  by  the  amount  of  available  oiygen  contained  in  the 
permanganate  added,  and  the  product  divided  by  the  volume  of  thiMulphate 
corresponding  to  the  latter,  is  equal  to  the  amount  of  oxygen  absorbed  by 
the  water. 

HardiieBB  before  and  after  Boiling.— Plnce  loo  o.c.  of  the 
water  in  an  accurately  stoppered  H-oz.  bottle.  Hun  iu  the  map  sotntion 
from  a  burette  in  Bmall  quantities  at  a  time.  If  the  water  be  soft,  not  more 
than  \  c.c.  at  a  time  ;  if  hard,  in  quantities  of  1  c.c.  at  Bret  After  each 
addition,  shake  the  bottle  vigorously  for  about  a  quarter  of  a  minute.  As 
soon  ag  a  lather  is  produced,  lay  the  bottle  on  its  side  after  each  addition,  and 
observe  if  the  lather  remains  |>ermiinent  for  Bve  minutes.  To  ascertain  this, 
at  the  end  of  five  minutes  roll  the  bottle  half-way  round ;  if  the  lather  breaks 
instead  of  ccvering  the  whole  surface  of  the  water  it  is  not  permanent ;  if  it  stilt 
covers  the  whole  surface  it  is  permanent ;  now  read  the  burette. 

Eepeat  the  experiment,  ailding  gradually  the  quantity  of  soap  solution 
employed  in  the  first  exiierimeut,  Icte  about  2  c.c;  shake  ax  before,  add 
soap  solution  '^^ty  gradually  till  the  permanent  lather  is  formed  ;  read  the 
burette,  and  take  out  the  corresponding  harduesi  from  the  table.  If  magneiiiau 
salts  are  present  in  the  WTiter  the  character  of  the  lather  will  be  very  much 
modified,  and  a  kind  of  scum  (simulating  a  lather)  will  be  seen  in  the  ivater 
before  the  reaction  is  completed.  The  character  of  this  scum  must  be  carefully 
watched,  and  the  soap  test  added  more  carefully,  with  an  increased  amount  of 
shaking  betu'een  each  addition.  M'ith  this  precaution  it  will  be  com  para  tively 
easy  to  distinguish  the  point  when  the  false  lather  due  to  the  magne»ian  salt 
cesses,  and  the  true  persmtcnt  lather  is  produced. 

If  the  water  is  of  more  than  16^  of  hardness,  mix  130  cc.  of  the  sample 
with  an  equal  volume  of  recently  boiled  distilled  water  which  ha«  been  cooled  in 
a  cloned  vessel,  and  make  the  determination  on  this  mixture  of  the  sample  and 
distilled  water.  In  thiK  case  it  will,  of  course,  be  necessary  lo  multiply  the 
figures  obtained  from  the  (able  by  2 

To  determine  the  hardness  after  boiling,  boil  a  measured  quantity  of  the  water 
in  a  Bask  briskly  for  half  an  hour,  adding  distilled  water  from  time  to  time  lo 
make  up  for  loss  by  evaporation.  It  is  not  desirable  to  boil  the  water  under  a 
vertical  condenser,  as  the  dissolved  carbonic  acid  is  not  so  freely  liberated.  At 
the  end  of  half  an  hour,  allow  the  water  to  cool,  the  mouth  of  the  flask  bein^ 
closed  ;  make  the  water  up  to  ite  original  volume  with  recently  boiled  distilled 
water,  and,  if  possible,  decant  the  quantity  necessary  for  testing.  If  this  cannot 
be  done  quite  clear,  it  must  be  filtered.  Conduct  the  test  in  the  same  manner 
as  described  above. 

The  hardness  is  to  be  returned  iu  each  case  to  the  nearest  half-degree. 

n  dish 
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desiccator.  Wei^  the  dish  ooalaining  tfae  residue  accurately,  and  note  its 
coloarand  appearance,  And  especiallj  whether  it  rapidly  increases  in  weight. 
Betum  to  the  water  balh  for  half  and  hour  and  re-weigh  until  it  ceases  to 
lose  wei)(ht,  then  graduallj  hMt  it  to  redneaa,  and  note  the  changes  which 
take  place  daring  this  iRiiition.  EBpecially  s.moag  thera  changes  should 
be  obserTed  the  smell,  scintillation,  change  of  colour,  reparation  of  more  or  less 
carbou,  and  partial  fusion,  if  any.  The  ignited  residue  is  to  be  u^ed  for  the 
eetimatioo  ot  phonphoric  acid,  as  before  directed. 

Uethod  of  Frooedure  for  Hossy  or  Peaty  Waters. 
R.  R.  Tatlock  and  R.  T.  Tliomaon  have  contiibuted  a  paper  on 
this  subject  {J.  S.  C.  I.  xxiii.  428)  and  the  following  is  a  portion 
of  it  1— 

Chlobidbs. — ^The  determination  of  these  seldom  preitenLi  any  difficulties, 
the  titration  with  standard  silver  nitrate,  and  the  employment  of  pota^ium 
chromate  as  indicator,  being  usually  sufficient.  Difficulties  ari»e,  however, 
when  we  have  to  deal  with  mo!«y  or  peaty  waters  and  with  waters  containing 
acids  or  iron  salts.  With  mossy  waters,  which  are  aNo  sometimes  ooid,  we  have 
found  the  best  mode  of  dealing  t«  consist  in  adding  some  cal;^ined  magnesia 
(magnesium  oxide)  to  a  portion  (not  necessarily  measured)  of  the  water,  and 
agitating  thoroughly  far  a  few  minutes.  In  this  way,  oeid,  it  present,  is 
neutralized,  and  tlie  mosey  or  peaty  matter  is  precipitated  and  removed  from 
soluti'in,  while  the  magiieiia  remains  practically  insoluble.  All  that  il  then 
necessary  is  to  filter  through  a  dry  Alter,  and  titrate  a  portion  ot  the  disoolorized 
water  with  standard  silver  nitrate. 

Auid  waters  are  treated  with  magnesia  as  just  described,  and  to  arc  waters 
containing  iron,  but  in  the  latter  case  a  few  drops  of  hydrogen  peroxide  should 
be  added  in  order  to  convert  any  ferrous  compounds  into  the  ferric  condition: 
The  magnesia  then  removes  the  iron  wholly,  and  it  only  remains  to  filter  the 
mixture  and  estimate  the  chlorides  in  the  solution  as  before. 

NiTK*TK9  AND  NiTBiTES.^The  determination  oC  nitrates  in  a  water  is  in 
our  opinion  one  of  the  greatest  importance,  at  least  in  the  cose  of  wuter 
intended  for  dietetic  purposes,  and  therefore  an  accurate  and  speedy  metliod 
is  of  great  value.  We  have  come  te  the  conclusion  that,  when  properly 
adapted,  the  phenol-sulphouic  acid  method  (p.  268)  in  decidedl}[  the  most 
handy  and  reliable.  In  natural  waters,  however,  there  are  two  ingredients 
which  are  fatal  te  a  correct  determination  of  nitrates,  namely,  organic  matters, 
especially  the  brown  mossy  or  peaty  orgauic  matter,  which  is  so  often  present  in  the 
watem  we  are  familiar  with  in  Scotland,  and  the  chlorides  of  magnesium  and 
sodium.  For  the  removal  of  organic  colouring  matters,  such  tn  is  found  in 
mossy  wat«rs,  there  ia  nothing  superior  to  agitation  with  cnlcined  magnesia  as 
already  described  under  the  determination  of  chlorine.  We  have  found  that 
when  chlorine  is  preeent  te  the  eitent  of  3'6  grs.  per  gallon  (5  parte  per  100,000) 
of  chloride  ol  sodium,  only  about  60  per  cent,  of  the  whole  is.  oblaiued,  and 
when  21  grs.  per  gallon  (30  parts  per  100,0  0)  are  present,  only  about  34  por 
cent,  is  obtained.  Tliese  proportions  are.  however,  only  roughly  approximate, 
as  we  have  found  that  the  results  in  presence  of  the  same  proportion  of  chlorides 
are  somewhat  erratic.  In  order  te  obviate  this  adverse  influence  of  the 
chlorides.  .Mason  recommends  the  use  in  the  standard  of  the  same  proportioD 
of  chlorides  as  is  present  in  the  water  being  tested,  so  as  to  counterbaliinco  their 
influence  ;  but  owing  to  the  somewhat  erratic  elTcct  of  the  chlorides  ne  came  to 
the  conclusion  that  it  would  be  more  satisfactory  to  remove  tbem  entirely.  For 
this  purpose  we  have  applied  and  adapted  the  method  which  is  employed  for  the 
removal  of  chlorides  from  crude  glycerine  in  testing  the  strength  of  that  article 
by  the  bichromate  method.  This  consists  in  agitating  the  sample  with  excess 
of  silver  oxide,  which  removes  the  chlorine  in  the  form  of  silver  chloride. 
When  treated  in  this  way,  however,  a  considerable  proportion  of  silver  remained 
in  solntioQ,  apparently  aa  oxide,  and  this  was  deposited  on  evaporation  of  the 
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filtrate  to  drjneiis  for  treattuenlHilbpheDol-sulphonicncid,  which  soon  coDverted 
the  brown  silver  oxide  into  sulphate.  The  silver  compound  seemed  to  have  the 
rather  unexpected  effect  of  loweriog  the  result  for  nitjatw,  although  not  nearly 
to  the  name  extent  as,  say,  3  grs.  of  sodium  chloride  per  gallon,  tve  were  thus 
compelled  to  work  with  a  limited  supply  of  silver  oxide,  adding  iu^t  enough  to 
convert  all  the  chloride*  into  silver  cnloride,  this  being  determineil  by  the  usual 
volumetric  method.  When  tbia  was  carried  out  the  exact  proportiou  of  uitrates 
present  was  obtained,  but  considerable  difficulty  was  experienced  in  obtaining 
a  clear  filtrate,  as  traces  of  silver  chloride  passed  thrungh  the  filter.  This 
difficulty  was  also  overcome  by  the  use  of  a  Utile  aluminium  sulphate  followed 
by  calcined  magnesia.  Tlie  flnnl  method  adopted  whs  therefore  as  follows: — 
100  to  200  c.c,  of  the  wat«r  are  treated  with  enough  silver  oxide,  in  a  fine  state 
of  division,  to  decompose  the  chlorides,  the  proportion  of  which  had  been 
previously  ascertained.  After  agitating  thoroughly,  a  little  aluminium  sulphate 
(say  about  0*1  gr,)  is  dissolved  in  the  mixture,  then  excess  of  calcined  ma^esiu 
is  ikd<le<l,  and  the  agitation  continued  for  a,  minute  or  two.  In  this  way  the 
chlorides  and  orgaulo  matter  nre  enUrely  precipitated,  and  are  then  filtered  off 
thcoujfh  a  dry  filter,  when  the  filtered  solution  will  be  found  as  free  from  colour 
as  distilled  water.  A  i>ortion  of  the  filtrate  (50  to  lOO  c.c.)  is  now  evaporated 
to  dryness  over  an  open  water-bath,  and  the  residue  tested  for  nitrates  by  the 
well-known  phenol-sul phonic  acid  method.  A  number  of  test  experimente 
showed  that  in  every  awe  the  whole  of  tlie  nitrates,  added  to  a  water  conteining 
comparatively  large  proportions  of  chlorides  and  organic  matter,  was  obtained 
by  this  method  ot  determination. 

The  next  point  which  arose  for  consideration  was  the  effect  oE  nitrites  on  this 
determination,  but  it  was  clearly  shoviii  that  this  was  almost  nit,  or  that  their 
presence  only  slightly  raised  the  proportion  of  nitrates.  This  fact  suggested  to 
us  the  idea  of  applying  the  phenol -sulnb on ic  acid  method  to  the  determination 
of  nitrites  also,  provided  these  could  be  readily  converted  into  nitrates.  The 
ideal  reagent  vaa  soon  found  in  hydrogen  peroxide,  which  suits  admirably  for 
tlie  puqiose  in  view.  To  determine  the  nitrites,  therefore,  it  is  only  necefsary 
to  remove  the  chlorine  from,  and  render  colourless,  a  quantity  of  the  water  to 
be  tested,  exactly  in  the  manner  just  described.  In  such  dilute  solutions  as 
generally  ocoiur  in  waters  there  is  no  danger  of  ^ny  nitrite  being  precipitated 
by  the  silver  compound.  X  portion  of  the  treated  water  is  tested  for  nitrates, 
and  to  an  equal  portion  there  Is  added  a  little  hydrogen  peroxide,  and  the 
mixture  evaporated,  to  dryness.  The  nitrites  which  existed  in  the  water  are 
now  present  in  the  residue  In  the  form  of  nitrate,  aiid  it  only  remains  to  apply 
the  plienol-sulphonic  test,  then  subtract  the  nitrates  actually  present  in  the 
water  as  such  from  the  total  uitrates  now  obtained,  and  calculate  the  remainder 
to  nitrites,  or  to  bring  these  compounds  to  nitric  and  nitrous  nitrogen 
respectively.  Of  courw!  it  would  Ix;  advisable  to  make  certain  of  the  presence 
of  nitrites  by  one  of  tlie  well-known  colour  tests  for  these  compounds. 

Microsoopioal  Examination  of  Deposit.— The  most  convenient 
plan  of  collecting  the  deposit  is  to  place  a  circuhir  microscopical  covering 
gla-'s  ftt  the  bottom  of  a  large  conical  glass  holding  about  20  ox.  The  ghiss 
should  have  no  spout,  and  should  be  ground  smooth  on  the  top.  After  shaking 
lip  the  sample,  this  vessel  is  filled  with  the  water,  covered  with  a  plate  of  ground 
glass,  and  set  aside  to  settle.  After  settling,  the  supematant  water  is  drawn  off 
by  a  fine  syphon,  and  the  glass  bearing  the  dcpo.sit  lifted  out,  either  by  means 
of  a  platinum  wire  (which  should  have  been  previously  passed  under  it),  or  in 
some  other  convenient  way,  and  inverted  on  to  an  ordinary  microscopical  slide 
for  examination.  It  is  desirable  to  examine  the  deposit  first  by  a  ^th  and  then 
by  a  ith  objective.  The  examination  should  be  mode  as  soon  as  the  water  has 
stood  overnight.  If  the  water  he  allowed  to  stand  longer,  organisms  peculiar  to 
Etagnant  water  may  be  developed  and  mislead  the  ol^rver.  Particular  notice 
should  be  taken  of  bacteria,  infusoria,  ciliala  or  flagellata,  disintegrated  fibres  of 
cotton,  or  linen,  or  epithelial  delrit. 

It  is  particularly  desirable  to  report  clearly  on  this  microscopical  examination ; 
not  merely  giving  the  general  tact  that  orjfauisms  were  present,  but  slating  as 
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speoifically  as  possible  tbe  iiaiues  or  classes  of  the 
may  lie  obUioed  tor  the  npplination  of  the  exami 
oWactere  of  potable  waters. 
'  It  is  alto  desirable  to  eiamiae  the  residue  left  oa  a  kIsss  slide  bj  tbe  evapora- 
tion of  a  single-  drop  of  the  water.  This  residue  is  generally  most  coQveoiently 
examined  without  a  covering  glass.  The  special  appGarances  to  be  noticed  arc 
the  presence  or  absence  of  particles  of  organic  matter,  or  organized  structure, 
contained  in  the  crystallized  forms  which  may  bo  seen  ;  and  also  whether  any 
"  '■  ......        . .       ■   ..   .   .  ,  ^^  with  green, 

The  Kjeldahl  Method  for  Organic  mtrogen  in  Waters 
*  and  Sewage. 

This  method  has  been  used  by  Drown  and  l[artiii  (C.  N.  lix, 
272)  with  apparent  success.  These  operators  found  that  the  presence 
of.  nitrates  and  nitrites,  as  oceurring  in  onlinary  waters,  did  not 
interfere  with  the  accurate  estimation  of  the  organic  nitrogen, 
probably  owing  to  the  state  of  dilution  occurring  in  waters.  The 
accuracy  of  the  nietliod  was  tested  by  known  weights  of  ammonia, 
urea,  uric  acid  and  riaphthylamine,  but  no  comparison  of  the  re-sults 
with  waters  was  made  side  by  side  with  tlie  combustion  method. 

Method  op  FeocEurBB:  500  c.c.  of  the  water  are  poured  into  a  round- 
bottomed  flask  of  about  900  c.c.  capacity,  and  boiled  until  2C0  c.c.  have  been 
diBtilled  otT.  The  free  ainmonia  which  is  thus  expelled  may,  if  desired,  be 
detenniaed  by  coDoectiiig  the  flask  with  a  condenser.  To  the  remuuiag  water 
in  tbe  flask  is  added,  after  cootiog,  10  c.c.  of  pure  couceutrated  sulphuric  acid. 
After  shaking,  the  flask  is  placed  in  an  ini'lined  position  on  wire  game,  on  a 
ringetaud,  or  other  convenient  support,  and  boiled  cautiously,  in  a  good-drawiug 
hood,  until  all  the  water  is  driven  olf  and  the  concentrated  sulphuric  acid  in 
white  or  a  very  pale  yellow.  The  flask  ia  then  removed  from  the  flame,  and  a 
very  little  pondered  permanganate  added  until,  on  shaking,  the  liquid  acquires 
a  green  colour,  showing  that  an  excess  of  the  permanganate  has  been  added. 
Should  the  colour  be  purple  instead  of  green,  it  shows  that  the  water  has  not  all 
been  driven  olT.  After  cooliug,  200  c.c.  of  water  free  from  ammonia  are  added, 
the  neck  of  the  flask  being  washed  free  from  acid,  and  then  100  c  c.  of  sodium 
hydrate*  solution.  The  flask  is  immediately  connected  with  tbe  condenser,  and 
then  shaken  to  mix  the  contents. 

The  distilktion  at  the  start  is  conducted  rather  slowly,  and  the  Srst  CO  c.c. 
are  condensed  in  very  dilute  hydrochloric  acid.  The  contents  of  the  flask  nay 
then  be  boiled  more  rapidly  until  150  c.c.  to  17S  c.c  have  altogether  been 
collected.  The  total  distillate  is  made  up  to  250  c.c.  with  water  free  from 
ammonia,  well  mixed,  and  60  c.c.  taken  tor  Xesslcrization.  No  serious  difficulty 
has  been  encountered  from  bumping  when  boiling  the  alkaline  solution.  The 
use  of  metallic  zinc  in  the  flask  to  facilitate  the  boiling  is,  of  course,  inadmissible, 
on  account  of  the  reduction  of  nitrates  and  nitrites,  should  they  be  present,  to 


Before  beginning  a  determination  the  water  in  the  flask  is  boiled  until  the 
distillate  shows,  on  Nes»lerization,  that  the  apparatus  is  completely  free  from 
ammonia.  Into  tbe  flask  which  receives  tbe  ifistillato  there  is  put  1  c.c.  of  the 
dilute  hydrochloric  acid  and  50  c.c,  of  water.  The  delivery  tube  dips  into 
this  liquid  only  during  the  collection  of  the  first  50  c.c.  of  the  distilkte.  The 
flask  is  then  towered,  so  that  the  tube  remains  above  the  liquid  for  the  remaining 
time  of  tbe  distillation. 
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Id  ixrryitig  out  the  opeiatioQ,  the  moit  scrupuloux  oare  muit  be  obnerTed  in 
preventing  icoaM  of  ammonU  from  aii;  murce.  The  operatdon  should  there- 
tore  be  uufried  out  witbout  interruption,  and  for  every  determiaslion,  or  wt  of 
determinations,  a  blank  analysis  with  ammonia-free  water  ehould  be  made  for 
a  correction  for  the  ammonia  in  the  rekgenta  used  in  the  process. 

The  Kjeldali)  process  is  in  my  opinion  much  better  adapted  for 
estimation  of  oi^nic  nitrogen  in  sew^eg  than  in  ordinary  watei«. 
60  or  100  c.c,  rendered  alkaline,  are  first  boiled  to  drive  off  free 
or  saline  aiuraonia,  tlien  concentrate<l  to  near  dryness  after  slight 
acidification  with  sulphuric  acid.  Finally  10  c.c.  of  concentiated 
acid  added,  and  the  process  carried  out  in  the  usual  way. 

OXYGEN   DISSOLVED   IIT    WATEBS    OB   SEWAOB 
EFFtitTBITTS. 

§  101.  Thk  necessary  apparatus  and  standard  solutions  for  carrying 
out  this  estimation  are  described  in  g  72  (page  275),  together  with 
the  methods  of  manipulation,  but  another  method  has  heen  adopted 
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with  respect  to  sewage  effluents  or  poltnted  waters  by  which  a  lai^e 
number  of  esaminations  can  be  carried  on  in  a  day.  It  depends 
upon  the  same  principle  as  Schiitzenberger  and  Roscoe  and 
Lunt's  methods,  g  72. 

The  «pp»mtiis  and  sUndard  nolutions  are  described  by  W.  Naylor  (C.  Jf. 
Ixxiv.  259).  Tbe  apparatim  itself  is  shown  in  fig.  69.  The  melliod  mis  devised 
by  B,W.  Gerland,  and  is  used  by  Nsylor  m  the  Ubomtory  ot  the  Ribble 
Joint  "Water  Committee. 

Tbe  method  it  not  applicable  to  river-aide  eatlmstions  nor  sufficiently  easy  for 
single  estimations,  but  it  has  been  found  very  serviceable  for  the  work  of 
a  station  where  a  great  number  of  samples,  «ay  40  or  60,  have  bi  be  examined  in 
one  day.  Its  principle,  as  described  by  GerUnd  (J.  S.  C,  I.  xv.  16;  iviii.  340) 
is  the  reduction  of  indigo  by  sodium  hyposulphite,  and  this  is  novv  Iwought  into 
daily  quantitative  use  owing  to  tbe  accessibility  of  pure  indigo,  and  tbe  tedious 
process  of  stAndardizing  agunst  aSmted  water  avoided. 

The  pure  indigotine,  obtainable  from  tbe  Badlsche  Works  or  other  sources, 
after  washing  with  water  and  hydrochloric  acid  and  alcohol,  and  treating  with 
a  solution  of  persulphate  of  ammonia  in  acid  solution,  will  be  found,  after 
reduction,  to  require  the  theoretics!  amount  ol  «iygen  for  oiidation. 

In  examining  a  sample  of  water,  the  four-necked  Woulft's  bottle,  h,  is  firat 
charged  with  a  small  quantity,  about  50  to  100  c.c,  of  tap  water  by  means  of 
the  thistle  funnel,  h,  and  a  stream  of  coal-^  which  has  been  passed  Uirough 
a  heated  copper  tube,  filled  with  copper  tummgs,  is  sent  also  into  the  bottle  via 
the  tube  B  and  out  by  wjter  staX  N. 

A  bnmch,  v,  from  the  tube  e  conveys  some  of  this  de-oxidiied  goal-gas  to  top 
of  hyposulphite  reservoir,  x,  and  burette  c.  Into  the  water  in  the  bottle  are 
now  run  one  or  two  c.c,  of  indigo  solution,  and  these  are  reduced  exactly  by 
hyposulphite  from  the  burette  c,  which  burette  is  chained  from  time  to  time  by 
means  of  the  tube  b,  having  clip  at  q.  With  the  indigo  reduced  in  the 
Woulf  f  a  bottle,  the  bquid  will  remain  a  pale  straw-colour  if  the  atmosphere  is 
oxygen  free,  and  as  soon  as  this  is  the  case  the  hyposulphite  is  standardized 
against  the  indigo  solution. 

After  standardizing,  the  contents  of  the  bottle  are  at  neutral  tint,  and  about 
100  c.c.  of  the  sample  under  examination  are  passed  in  by  means  of  the  thistle 
funnel,  H,  provided  with  tap.  and  the  quantity  of  hyposulphite  required  noted,  as 
a  guide.  It  is  important  that  the  funnel  dip  right  into  the  liquid  to  prevent 
any  yield  of  oxygen  to  the  atmosphere  of  coal-gas. 

With  the  contents  at  neutral  tint  after  discovering  the  hyposulphite  required 
tor  100  c.c.  of  sample,  a  little  under  two  and  a  half  times  this  amount  of 
hyposulphite  is  now  run  into  tbe  bottle,  aud  then  260  c.c  of  the  sample. 
A  faint  blue  colour  is  produced,  aud  this  is  removed  by  the  addition  of  a  drop  or 
two  of  hyposulphite  and  the  total  for  the  250  c.c.  of  sample  entered. 

Any  number  of  samples  can  be  done  in  succession,  the  bottle  l>eing  drawn  off 
as  necessary  by  means  of  the  tube  o  and  clip  t. 

The  following  are  two  examples,  tbe  first  of  which  was  found  to  be  in  agree- 
ment with  standard  aerated  water  as  per  table  of  Boscoe  and  Lunt,  and 
also  with  a  eudiometric  estimation  after  boiling  from  a  completely  filled  flask 
and  running  in  warm  mercury ; — 

10   c.c.   indigo   solution   (neutralized  with   sodium  bicarbonate  before  use) 

required  24"5  c.c.  hyposulphite. 
Indigo  solution  contaiued  B'321  gm.  iudigotine  per  liter. 
1  c.c,  indigo  solution  contained  available  oxygen  O0006. 
24'5  c.c.  hyposulphite =0'005  oxygen. 
2G0  c.c.  ample  of  aerated  water  required  12'6  c.c.  hyposulphite =0'0026  gm. 

oiygen. 
1000c,c.  =  0-01  gm.  oiygen. 
001  '  1000 ,., 
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Bacterial  Filter  Effluent,  otter  shaking  to  !>atunittoD, 

10  c.c.  indigo  »olulion  required  37-0  c.c.  hyposulphite. 

260  c.c.  sample  required  l&O  c.c.  h}'po«utphite  =  000I35  gm.  oiygeo. 

1000  u.c.  sample =00054  gni.  oxy^n. 

00054x1000    „„  ,., 

1-4336       -3"'^  "-'■  °^>"*^"  ^'  ^""- 

The  method  is  not  tiearly  so  complicated  o 
fflance,  and  the  appaiatus  once  set  up  will  give  very  little  t 
investigation  just  completed,  on  "  The  Movement  of  the  Foiluted  Zone  in  the 
Bibble  Estiuiry,"  it  vu  found  that  a  hundred  samples  could  be  examined  in  one 
daj,  ivithout  any  nece^ty  for  washing  out  (he  Woulff  s  bottle. 

The  interpretation  of  the  results  as  regards  [diluted  waters,  as 
given  by  Dupr^,  may  be  summarized  as  follows  : — 

The  method  depends  on  the  fact  that,  if  a  perfectly  pure  water  is 
once  fully  aerated,  and  then  kept  in  a  bottle  so  that  it  could  neither 
lose  nor  gain  oxygen,  it  would  remain  fully  aerateil  for  any  length  of 
time ;  but,  on  the  other  liand,  if  tlie  water  contained  living  organic 
matters  capable  of  aljsorbing  oxygen,  such  water  would  after  a  period 
of  time  contain  leas  oxygen,  the  loss  so  found  being  taken  as  the 
measure  of  impurity.  The  method  ia  really  another  form  of 
ascertaining  the  presence  of  germs  and  their  amount  in  contrast  to 
the  method  of  cultivation  by  gelatine  and  microscopic  analysis. 

Tlie  practical  results  from  various  experiinenta  made  by  Dupre,  and 
reported  by  him  to  the  Ikledical  Department  of  the  Local  Government 
Board,  1884,  are  as  follows  :— 

(!)  A  water  which  does  not  diminish  iu  its  degree  of  aeration  during 
a  given  period  of  time,  may  or  may  not  contain  organic  matter,  but 
presumably  does  not  contain  grooving  organisms.  Such  organic  matter  there- 
fore 119  it  may  be  found  to  contain  by  chemical  aimlysis  (permangauale  or 
otherwise)  need  not  be  considered  as  duugerous  impurity. 

(2)  A  water  which  by  itself,  or  after  the  addition  of  gelatine  or  other 
appropriate  cultivating  matter,  consumes  oxygen  from  the  dissolved  air  at 
lower  temperatures,  but  does  not  consume  any  after  hcsiting  for  say  three  hours 
at  60°  C,  may  be  regarded  as  having  contained  living  organisms,  but  none  of 
a  kind  able  to  survive  exposure  to  that  temperature. 

(3)  A  water  which  by  ilself,  or  after  addition  of  gelatine  or  the  tike, 
continues  to  abwrb  oxygen  from  Its  contained  air  after  heating  to  60°  C,  may 
be  taken  u  containing  spores  or  germs  able  to  survive  that  tempeiature. 

The  exact  nature  of  o[^nisms  dilt'ering  in  this  way  is  of  course 
not  revealed  by  the  method.  Duju'i-'s  conclusion  is,  that  in  the 
vast  majority  of  cases  the  consumption  of  oxygen  from  the  dissolved 
air  of  a  natural  water  is  due  to  growing  organisms,  aud  that  in  the 
complete  absence  of  such  organisms  little  or  no  oxygen  would  be  then 
consumed. 

The  paper  is  accompanied  by  tables  of  results  of  analysis  by  this 
and  other  methods,  which  are  too  voluminous  to  insert  here. 

Pbisciple  op  the  Method.— Dupr^  states  that  a  water,  fully  aerated, 
contains  at  20°  C.  and  760  m.m.  pressure  0694  grain  of  oxygen  per  gallon,  or 
004158  gm.  per  liter.*  The  proportion  varies  with  the  temperature  and 
pressure.  The  formula  given  by  Hun  sen  is  adopted  in  this  method — 
a=20225  S;  and  ^  =  0020346— 000052887(  +  0-000011166/j; 
where  o  is  the  co-elHoienl  of  absorption  of  oxygen  in  cubic  centimeten,  P 
the  co-ellicient  for  at>sorptiou  of  nitrogen,  and  I  the  temperature. 
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The  variation  due  to  atmospheric  pressure  is  so  alifiht  that  it  may 
practically  be  disregarded.  The  comi>oaitioii  of  air  is  taken  as 
21  vohimes  oxygen  and  79  nitrogen.  Dupr^  adopts  the  temperature 
of  20°  C.  for  all  waters  under  experiment ;  and  as  a  rule  the  samples 
were  all  well  placed  in  an  appropriate  bottle,  and  kept  at  a  constant 
tem|)erature  of  20°  C.  for  ten  days  previous  to  the  estimation  of  the 
o.tygen. 

Tlie  maximum  degree  of  oxygen  which  a  pure  water  should  contain 
at  this  temjwrature  is  called  100,  and  any  less  degi'ee  found  on 
analysis  is  recorded  as  a  percentage  of  this  maxininni. 

Method  of  PeoceddsE:  Tbe  «ample  of  water  is  placed  in  an  ordinary 
bottle,  and  vigorously  shaken  to  ensure  full  aenttion  ;  att«r  BbiiidiDg  the 
requisite  time  it  in  puured  into  the  experimeotal  bottle,  and  the  estimatiOD  of 
oiygei!  carried  out  ns  described  in  5  72, 

Standards  of  Purity  for  Sewage  SfBuents. 

Tbe  folbiriii);  paper  io  coonection  nitb  Ihia  subject  by  Dr.  Rideal  a 
worthy  of  notice*  (C.  iV.  kiviii,  173)  :— 

Tbe  progress  made  within  the  last  fen  years  in  the  bacterial  processes  for 
the  treatment  oF  sewaj^e  has  drawn  into  questinii  the  interpretation  of  analytical 
resulti  as  well  ae  tbe  different  slandnnls  of  purity,  by  tvhich  eRluents  ore 
to  be  judged  to  bs  acceptable  or  otherwise.  At  the  present  time  some  consensus 
of  opinion  is  absolutely  necessary. 

Opinions  haTe  in  many  cases  been  founded  almost  solely  on  the  permanpinate 
process  of  oiidation,  which  has  the  advantag;e  of  being  easy  and  rapid  in 
eiecution,  but  is  open  to  the  following-  objections: — 

1.  8o  many  modifications  have  been  introduced  in  procedure,  that  the 
figures  obtained  by  ditfereut  observers  are  seldom  comparable,  as  instanced  in 
tbe  recent  discussion  at  Manchester. 

2.  It  mainly  measures  tbe   carbonaceous  matters  which  are  not  the  most 

3.  It  is  incomplete  even  in  measurinj;  these,  since  many  of  (hem  are  very 
redstant  t«  permanganate  if  used,  as  ordinarily,  at  low  temperalures.  Por 
this  reason  I  prefer  to  work  at  a  higher  tempemtnre— namely,  that  o(  a  water- 
bath  at  about  80°  C. 

4.  The  ioterferencs  of  nitrite?,  which  are  abundant  in  certuin  stages  of 
purification,  of  high  clilorides,  and  of  iron  and  manganese  salts  derived  from 
a  chemical  treatment,  has  not  been  satisfactorily  eliminated,  even  by  the 
adoption  of  Ijme  linils,  such  as  three  minutes,  fifteen  minutes,  two  and 
a  half  or  four  hours. 

In  perfectly  fresh  human  excreti,  taking  both  solids  and  liquids  together, 
the  amount  of  nitrogen  somewhat  exceeds  tbe  chlorine.  It  is  evident  that 
the  proportion  between  them  will  remain  unaltered  whatever  volume  of  water 
be  added,  provided  the  water  contains  only  the  ordinary  small  amount  of  natural 
chlorine,  as  long  is  the  nitrogenous  matters  do  not  undergo  alteration.  There- 
fore the  factor  expressing  the  relation  between  chlorine  and  nitrogen  wi"  be 
opplicable  to  sewages  generally,  independent  of  their  dilution.  In  suhsequBnt 
changes,  while  the  CI  will  remain  unaffected,  the  total  nitrogen  will  suffer 
diminution,  the  loss  being  due  to  its  escape  in  the  form  of  gases,  such  as  free 
nitrogen  and  nitrons  oxide.  The  extent  to  which  this  important  purification 
hoa  been  effected  will  be  indicated  by  the  above  proportion,  which  I  propose  to 
call  the  "  residual  ratio,"  and  prefer  to  express  in  percentages  of  the  chlorine. 
If  CI  be  tbe  chloriue  of  tbe  sewage, 

N  the  total  nitrogen, 

U  the  "  residual  ratio," 
the  formula  will  be—                         ^  „  ^Oq 
R ^^. 

■  A  Paper  read  before  the  Britah  Assoqiation  (Seotion  Bl,  Brwtol  Meetiug,  1898. 
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In  casM  of  Kre*t  dilution,  or  ot  ui  eioes^ve  amount  of  chlorine  in  the  irst«r 
aupplj,  the  expregsion  will  beooma— 

W  bMDfc  the  chlorioe  in  the  Trat«r,  The  Rimpler  formula  however,  is  in 
geneni  sufficient. 

Ab  nitrot^en  U  significant  of  the  more  daogerou?  forma  of  pollution, 
k  oaloulatioD  of  the  ratio  betireen  the  ditfersnt  forms  of  nitrogen  furaishes 
more  useful  information  thnn  a  mere  oonisideratioii  of  ite  amount,  ittiamuch  as 
nitrogen  compoundi  when  oxidized  are  harmless,  hut  when  unoiidized  ara  liable 
to  occasion  smells,  and  to  be  in  other  respects  deleterious.  A  certain  quantity 
of  nitrogen  is  lost  as  gas  during  the  chaagea,  but  the  rendue  will  give 
a  minimum  measurement  of  the  original  sewage  strength.  The  proportion 
between  tho  oxidized  aod  unoxidized  nitrogen  will  then  denote  the  extent  to 
whiah  the  sample  ha«  been  purified.  A  judgment  cao  therefore  he  fonned  from 
the  sample  without  an  analysis  of  the  original  sewage,  as  the  chlorine  oonlenla 
also  giro  a  due  to  the  strength,  and  thus  such  a  method  would  have  an 
advantage  over  the  ordinar3'  system  of  oaloulating  sewnge  puriBoation,  as  it 
obviates  the  difficulty  of  obtaiolng  conformable  samples.  Even  where,  as  I 
have  elsewhere  insisted  should  be  done,  a  oorrection  is  made  to  a  standard 
ohloriue  value  in  oomparing  the  sewage  entering  and  the  effluent  leaving  a 
certain  works,  the  dyrtem  I  suggest  will  etill  have  great  advantage*. 

As  ammonia  must  be  recognized  an  a  preparatory  or  transition,  and  not  a 
flniihcd  product,  it  must  be  considered  us  part  of  the  residual  unoxidized  sewage, 
and  only  indicates  progress  Cowards  complete  puriScaiion,  and  gives  a  criterion 
OS  to  whether  a  procees  is  worlctug  satisFactorily.  A  large  number  of  the 
failures  in  sewage  disposal  methods  have  been  oning  to  the  effort  to  obtun  by 
chemical  treatment  or  filtration  a  liquid  from  sewage  which  should  bear  sonie 
resemblance  to  drinking  water ;  such  an  end  is  impossible  without  impracticable 
expenditure,  time,  and  space,  attended  by  disastrous  breakdowns  at  intervals. 
Fortunately  methods  have  been  found  which  by  natural  agencies  allow  us  te 
carry  the  puriGcation  te  a  rational  and  harmless  stage,  when  inch  factors  as 
time,  light,  volume  of  oij'gen,  and  various  life  of  a  river  will  be  more  than 
sufficient  to  deal  with  the  effluent. 

A  few  examples  tu  show  how  the  percentage  of  oxidation  reveals  the 
puriflcatioo  effected  by  different  agencies  may  be  quoted  here :— 


PuU  per  100.000  of  mtngm. 

•3  . 
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1 

1, 

1 
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6-66 

30 
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9-12      none 
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A  filtrate  effluent 

0-78 

2* 

0-93 

3-82       116 

28-0 

Another  ditto      - 
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0-92 
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0-20 

00016 

o-o«> 

0-061     0-806 
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Same  filtered 

0176 

0026  ■  0-026  1  0-2H 

91'0 

Deep  well  in  chalk      -       - 

CKI13 

none 

0-008     0-OlJ     0«0 

97fi 

Furthermore,  one  has  to  eonaider  not  only  the  chemical  but  also  tho 
patbogenio  qualities,  and  these  are  ignored  by  all  existing  standards.  It  is 
obvious  that  a  very  small  amount  of  nitrogen  or  carbon,  if  in  the  form  of 
ptomaines,  would  be  sufficient  to  condemn  au  effluent.  I  have  noticed  that 
many  dilute  putrid  sewages  of  offensive  character  liavo  shown  less  albuminoid 
or  organic  nitrogen  than  the  condemnatory  hmits  of  existing  standards,  so  that 
these  arbitrary  rules  are  of  little  or  no  value. 

On  the  other  hand,  when  a  sewa^je  has  beau  subjected  to  nitrification,  although 
the  albuminoid  ammonia  may  be  hijfher  than  the  old  standards,  the  presence  of 
nitrate  seems  to  have  a  beneficial  influence  upon  the  quality  at  such  sewage,  and 
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under  these  circumataDces  a  greater  quikotit?  oE  albuininoid  or  organic  nitrogen 
may  be  tolerated. 

The  multitude  of  bacteria  in  sewage  is  to  enormous,  and  their  oharaoter  so 
varioua,  that  a  mere  counting  of  their  numbers  must  be  uameaoing  and 
inaccurate.  The  ration,  however,  between  either  those  liquefying  and  nol 
liquefying  gelatin,  or  between  the  afrobic  and.  non-aerobic,  or  between  those 
growing  at  ordinary  temperature  and  at  blood  heat,  give  much  more  valuable 
information. 

Whilst  therefore  auj  nbsolule  number  aa  a  rtandard  is  undesirable,  onljr  a 
tow  number  ^  orKsnisms  of  the  Coli  group  should  be  perrttiesible  in  an  effluent, 
with  an  absence  ol  dangerous  pathogenic  forms. 

Abeolule  sterility  in  an  effluent  is  at  present  out  of  the  qiifstion,  nor  in 
general  would  it  be  necessary  or  even  advisable,  inasmuch  as  subsequent  organic 
improvement  would  be  prevented,  but  the  destruction  of  pathogenic  forms  could 
be  completed  by  a  "fluisher"  like  chlorine  when  special  danger  was  present. 

Dupr^  some  years  ago  introduced  a  method  of  ascertaining  the  condition 
of  healthiness  or  otherwise  of  an  effluent  by  enclosing  it  in  a  bottle  and 
determining  the  free  oiygen  present,  before  and  after  keeping  (i;«  p.  484). 
This  seems  a  natural  way  of  carrying  out  the  "  oiygen  consumed  "  test.  He 
observes  {Aaalgit,  August,  1B99) :— "  Pure  water  remained  aerated  when  bottled 
up,  but  water  containing  sewage  de  aerated  itself.  An  effluent  that  did  not 
appreciably  de-aerate  itself  might  be  admitted  anywhere  without  fear  of  putre- 
faction." Unfortunately,  although  the  actual  work  of  this  test  can  be  carried 
out  in  a  few  minutes,  the  sample  had  to  be  allowed  to  stand  for  five  to  ten  days 

On  similar-but  less  natural  lines— the  "Incubator  Test,"  adopted  in  the 
Manchester  report  on  systems  of  sewage  purification,  maiolains  an  effluent  by 
itself  at  a  warm  temperature  (five  days  at  Stf  F.),  and  determines  the  oxygen 
absorbed  in  three  minutes  before  and  afterwards,  at  the  same  time  noticing  any 
uhange  of  odour.  The  result  is,  however,  again  arbitrary,  as  an  effluent  is 
nol  intended  to  be  stored  by  itself,  but,  when  finished,  to  be  dischai^ed  at 
•  once  into  <rater  vrhicb  is  moving  sod  aerated. 

The  results  seem  to  be  more  favourable  to  effluents  which  have  been  sterilized 
by  a  chemical  or  precipitation  process,  but  which  have  noloriouiily  in  many  cases 
given  rise  to  a  subsequent  nuisance,  than  to  tboM  containing  the  materials, 
bacterial  and  chemical,  for  rapid  self-purification  in  a  river. 

Sibdin  has  recently  put  forward  this  test,  vrhich  ho  described  as  follows: — 
"  He  had  long  since  adopted  in  his  own  mind  a  physiological  standard,  viz.,  that 
the  quality  of  an  effluent  should  be  such  that  fch  could  live  healthily  in  it, 
.  .  .  such  a  definition  involves  necessarily  the  absence  of  poisons  and  the 
presence  of  oxygen."  But  while  an  effluent  which  kills  fish  is  obviously 
unhealthy,  it  does  not  follow  that  one  where  fish  will  live  is  therefore  a  good 
one.  It  is  well  known  that  fresh-water  fish  are  gross  feedere,  and  fish  in 
large  numbers  are  ofteu  seen  to  congregate  at  the  mouths  of  sewers  where  fiecal 
matter  is  visibly  floating,  being  attracted  by  the  fragments  of  food  and  insects 
carried  down  by  the  sewage.  Fish,  in  fact,  are  more  aflected  by  muddy  water 
and  by  chemicals  from  factories  than  by  excreta. 

Amongst  the  sbuidarde  which  have  been  proposed  in  the  past,  or  have  beeii 
adopted  by  local  bodies,  are  the  following,  some  of  which  have  been  repeatedly 
quoted  in  papers  on  the  subject,  while  others  are  gathered  tentatively  from 

Eublished  documents,  or  from  a  consideration  oE  decisions  in  disputed  cases. 
Tone  of  them,  however,  have  strictly  the  force  of  law ;  in  tact,  some  have 
actually  been  disclaimed  by  the  bodies  to  which  they  were  attributed.  The 
proportions  are  parts  per  100,000 ;— Bivers  Pollution  Commissioners— Organic 
carbon,  20 ;  organic  nitrogen, 0'3.  Thames  Conservancy — Organic  carbon,  3*0 ; 
organic  nitrogen,  11,  The  Thames  Conservancy  state  that  they  require  a  higher 
standard  for  cfBuents  just  above  the  intakes  of  the  water  companies  than  for 
those  below.  Derbyshire  County  Council— Albuminoid  ammonia,  01 ;  oxygen 
absorbed,  TO.  Ribble  Board— Albuminoid,  0  1 ;  oxygen  absorbed,  2*0.  Mersey 
and  Irwell— Albuminoid,  014:  oiygen  absorbed,  1'4U. 

Provisos  as  to  amount  of  tuspended  solids,  acidity,  alkalinity,  metals,  ic,  are 
inserted  in  some,  and  have  special  reference  to  manufacturing  effluentii. 

But  in  all  these  arbitrary  limits,  no  account  is  taken  of  the  volume  of  the  river 

LY:,l..|lv,V^-.OO^^lC 


488  VOLUMETRIC  ANALYSIS.  g  101. 

into  which  the  effluenbi  are  dischai^d.  although  aUention  wm  lon^  ^^  drawD 
to  tho  purifyiDK  action  of  rirer  waWr.  The  lyoadoti  County  Coitncil  have 
recogoized  the  (act  that  an  oiidizinK  uKeot  added  to  the  effluent  at  the  time  of 
contact  with  the  river  prevsntu  »□;  foulnew.  Provided,  therefore, »  river  ia  well 
aerated,  or  an  effluent  is  well  nitrated,  or  An  oxtditiag  agent  ii  supplied  in 
sufficient  quantity  at  the  time  of  contact,  an  effluent  may  contain  a  larger 
quantity  at  organic  matter  than  has  been  sanctioned  in  the  past,  and  variatloni 
in  such  quantities  are  pemiiseible  under  conditioas  varied  in  the  above  iny. 

In  America,  from  the  work  of  the  Massiohusetts  State  Board  of  Health, 
Rudolph  Uering  fixea  a  limit  to  the  amount  of  free  ammonia  permiesiblc 
in  a  stream,  and  finds  that  if  the  flow  of  the  stream  is  le!>s  than  21  cubic  feet 
per  second  per  lOOO  persons  (or  one  ^!lon  per  minute  per  per^n)  ''  an  oDence 
IS  almost  sure  to  arise  " ;  but  when  the  flow  ia  greater  than  7  cubic  feel  per 
i^econd  per  1000  periionB,  then  safety  19  assured. 

"  In  other  woids,  when  the  free  ammonia  is  greater  thBnn'12  part  per  100,000 
the  oonditians  are  prol»bly  objectionable."  I  find  that  these  limits  corceapoad 
to  about  50  volumes  of  river  water  to  average  sewage  in  this  country,  and  it  is 
obvious  that  such  conditions  are  only  possible  under  very  special  eircumadnces, 
and  the  limit  is  much  greater  than  ne  have  found  necessary  in  England, 

Sometime  ago,  in  conversation  with  Mr.  Henry  Law,  we  arranged  the 
following  formula  for  the  conditions  of  discharge  into  a  stream.  The  bans 
I  prefer  to  take  is  the  same  as  that  prefeimbly  adopted  for  waters,  vii.,  100  liter* 
or  100,000  parts  :— 

Let  X  be  the  flow  of  the  stream  in  100  liters  per  minute. 
Digrams  of  free  oxygen  in  lOO  liter;'. 
S  =  number  of  hectoliters  of  effluent  discharged  i«r  minute, 
M  =grams  of  onygea  required  to  consume  the  organic  matter  in  100  liters  of 
effluent  as  determined  by  the  permanganate  te^t  after  deducting  that  required 
by  nitrites. 
N  — grams  of  available  oxygen  as  nitrate  and  nitrite  per  lOO  liters. 
This  hitter  factor  requires  explanation.      Warington,  Muuro,  Gayon, 
Uupetit,  Adeney,  and  others,  have  shown  that,  always  with  the  help   of 
bacteria,  the  oxjgeu  of  nitrates  and  nitritee  is  available  for  the  burning  up  of 
organic  matter.     In  my  own  experiments  I  have  found  that  the  large  lose  of 
organic  nitrogen  noticed  so  frequently  in  analvfes  of  sewage  in  progressive 
stages  of  change  was  not  accounted  tor  by  the  production  of  nitrous  acid,  of 
ammonia,  or  of  nitrogen  gas.    Gayon  and  others  have  observed  the  formation 
of  nitrous  oxide,  which,  from  its  solubility  and  vague  reactions,  would  ordinarily 
escape  observolion.    Therefore,  to  be  on  the  safu  side,  I  have  allowed  for  the 
available  oxygen  2  atoms  of  O  for  every  UNOj,  i  c,  N~0]  to  N.O  and  1  atom 
for  HNOj.  or  X,0,  to  N.O. 

The  qiiantitv  of  free  oxvgen  in  the  stream  will  then  be  XO,  and  that  required 
by  the  effluent  will  be  S(M— N). 

'  Putting  C  us  the  ratio  l>ctween  the  amount  of  oxvgen  iu  the  stream  and  that 
which  ia  required  to  oxidize  the  organic  matter  in  the  effluent. — 
XO  =  C(M-N)S. 
IVhere  there  are  no  nitrates  in  the  fluid,— 
XO-CMS. 
If  N  be  leas  than  M,  M  — X  =  tbe  deficit  of  oxvgen  in  the  effluent,  requiring 
to  be  aupplomenled  by  the  free  oxygen  in  the  river,  sucli  an  effluent  will  throw 
H  burden  on  the  river,  and  cannot  be  considered  in  a  satisfactory  state;  and  it 
will  be  a  question  of  volume  and  other  cirrumKtances  whether  it  can  be  per- 
mitted to  be  discharged  at  all.     Where  XO  is  greater  than  (M— N)S  there  will 
l>e  a  chance  of  the  stream  dealing  with  the  inflowing  liquid ;  where  the  reverse 
is  the  case  the  addition  must  necGss.irily  cause  foulness. 

I[T  favourable  coses,  where  bu^teria  and  ulgn'  are  active,  and  the  oxygen  of  the 
river  is  able  by  their  help  to  deal  rapidly  with  the  incoming  residues,  the 
minimum  ratio' between  the  volume  ot  the  stream  and  the  volume  of  effluent 
that  rould  be  allowei  to  be  di-<<'liiirged  into  it  would  be  indidUed  by  the  value  of 
('  in  the  above  cijualion,  which  would  also  appro xitnntely  denote  how  far  tho 
population  might  increase  before  the  jiroporlion  would  be  seriously  disturbed. 
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The  miDimum  ligure  will  be  reduced  b^  the  nitrites  or  nitrates  of  the  river 
water  itaeK,  aod  by  the  tree  oxygen  which  mny  be  present  in  the  effluent. 
Biver  water  may  have  90  psr  cent,  of  it^  nilro^feii  oxidized,  and,  when  saturated, 
contains  about  700  c  o.,  or,  approximately,  1  pram  of  free  oiygen  per  100  liters. 
We  may  assume  that  with  the  almoit  unlimited  eiposure  and  admixture  in  a 
flowing  river,  the  common  natural  bacteria  that  work  the  changes  are  certain  to 
be  present.  Hence,  in  theory,  oomparatively  few  volumes  of  a  river  wat«r  are 
necessary  [or  supplying  the  oiygen  requisite  for  even  a  raw  sewage  after  its 
solids  have  been  removed  by  filtration  or  subsidence.  From  this  caii>e  it  is 
Hon  observation  that  the  dissolved  impurity  remaining  in  a  stream  is 
e  fraction  of  that  in  the  volumes  of  sewage  that  have  entered  it  in  ite 
upper  course. 

But  from  the  factor  of  time,  and  the  inadvisahility  of  denuding  the  river  ot 
it»  oxygen,  which  might  be  only  gradually  renewed  from  the  air,  it  is 
necessary  with  the  taw  liquids  of  sewage  to  allow  a  considerably  lai^r  pro- 
portion of  river  water  than  the  minimum  above  calculated.  Supr4  states 
that  admi:(ture  with  about  30  volumes  of  fully  aerated  river  water  prevents 
sewage  frnm  becoming  foul,  and  ultimately  puriSes  it.  I  have  found  the 
same  result  from  a  lens  quantity. 

Where  the  organic  matter  is  well  fermented,  and  the  liquid  advanced  in 
nitrification,  as  in  properly  managed  septic  effluents,  the  case  is  far  more 
favourable.  Here,  in  the  above  equation,  N  is  greater  than  M,  and  there  is 
a  surplus  of  available  oxygen  in  the  effluent — that  is  to  say,  an  effluent  of  this 
kind  not  only  doea  not  absolutely  require  any  dilution  with  river  water,  a« 
containing  within  itself  the  elements  of  its  own  purification,  hut  by  its  surplus 
oxygen  is  capable  of  actually  improving  the  river  into  which  it  enters. 
This  apparently  paradoiical  result  in  cases  oF  polluted  streams  is  paralleled 
by  the  effect  of  the  addition  of  artificial  oxidizing  agents,  such  as  that  of 
manganate  of  soda  to  the  Thames  at  Crossness.  In  healthy  effluents  the 
quantity  of  avaihihle  oxygen,  N,  in  the  above  equation,  is  tar  higher  than  could 
be  supplied  by  any  process  of  mere  aeration. 

As  an  example  of  the  application  of  the  formula  XO  =  C(M— N)S,  we  may 
cite  two  rivers,  the  Thames  and  the  Exe : — 

X,  O.  M.  N.  S.  C. 

Thames     ...     1100  Ol  iB  0*23  100  108 

Exe  ...         47  1-0  6-66  116  108*         7-9 

X  and  S  are  stated  in  million  gallons. 

The  formula  shows  that  the  Thames  with  C^  1'08  has  so  narrow  a  margin  of 
effective  natural  oxidation  that  it  haa  often  had  lo  be  supplemented,  especially 
in  warm  weather,  by  the  addition  of  chemicnlv.  In  the  Eie,  on  the  other 
hand,  with  C  =  7'9,  there  is  a  larjjc  margin  for  natural  pnrifioation. 

But  we  cannot,  as  a  rule,  throw  the  burden  ot  the  Qua!  clianges  on  the 
stream  on  acoonnt  of  the  time  taken  and  the  odours  and  deposit  that  generally 
ensue.  On  the  other  hand,  an  effluent  that  is  in  an  active  state  of  wholesome 
bacterial  change,  under  the  above  conditions  of  free  and  potential  oxygen,  will 
conform  to  Adeney's  proposed  test : — "The  limit  of  impurity  to  be  allo'wed  in 
a  water  should  be  snob,  that  when  a  given  volume  of  it  is  mixed  with  a  given 
volume  of  fully  aerated  river  water,  and  the  mixture  kept  out  of  contact  with 
air,  a  decided  oxidation  of  the  ammonia  originally  present  into  nitrous  or  nitrio 
acid  shall  be  indicated."  ...  It  will  be  noticed  that  this  teat  is  practically 
that  sn^e^ted  by  Dupre  many  yatrs  ago.  Such  an  effluent  as  experience 
tenches,  if  clear  and  nearly  free  from  odour,  may  be  safely  discharj^d  into  any 
river  of  moderate  volume. 

Water  and  Sewage  EzuniDation  Results. 

■  The  report  of  tlic  committee  ap]ioiute(l  to  establish  a  Uniform 
System  of  i-ecor(Uti<,'  the  Results  of  tlie  Chemical  and  Bacterial 
Examination  of  Water  and  Sewage  is  as  follows:^That  it  is  tlesirable 
that  results  of  analysis  should  be  expressed  in  parts  per  100,000 


..Google 


490  VOLUMETKIC  ANALYSIS.  §  101. 

except  in  the  case  of  iliasolved  gases,  when  theae  should  be  stated  as 
cubic  ceiitiiuetera  of  gas  at  0°  C,  and  760  miUimeters  in  1  liter  of 
water.  This  methwl  of  recording  results  is  in  accordance  with  that 
suggested  by  the  committee  appointed  in  1S87  to  confer  with  the 
committee  of  the  American  Association  for  the  Adrancenient  of 
Science,  with  a  view  to  forming  a  uniform  system  of  recording  the 
results  of  water  analysis.* 

The  committee  suggest  that  in  the  case  of  all  nitrogen  coiupounda 
the  results  be  expressed  as  parts  of  nitr<^en  over  100,000,  including 
the  ammonia  expelled  on  boiling  with  alkaline  permanganate,  which 
should  be  termed  albuminoid  nitrogen.  The  nitrogen  will  therefore 
be  returned  as : 

(1)  Ammoniacal  nitrogen  from  free  and  saline  ammonia. 

(2)  Nitrons  nitrogen  from  nitrites. 

(3)  Nitric  nitrogen  from  nitrates. 

(4)  Organic  nitrogen  (either  by  Kjeldahl  or  by  combustion,  but 
the  process  used  should  l>e  stated). 

(5)  Albuminoid  nitrogen. 

The  total  nitrogen  of  all  kind.i  will  be  the  sum  of  the  first  four 
determinations. 

The  committee  are  of  opinion  that  the  percentage  of  nitrogen 
oxidiied — that  is,  tlie  ratio  of  (2)  and  (3)  to  (1)  and  (4) — gives 
sometimes  a  useful  measure  of  the  stage  of  purification  of  a  particular 
sample.  The  purification  effeeted  by  a  process  will  be  measured  by 
the  amount  of  oxidized  nitrogen  as  compared  with  the  total  amount 
of  nitrogen  existing  in  the  crude  sewage. 

In  raw  sewage  and  in  effluents  containing  suspended  matter,  it  is 
also  desirable  to  determine  how  much  of  the  oi^nic  nitrogen  is 
present  in  the  suspended  matter. 

In  sampling,  the  committee  suggest  tliat  the  bottles  should  be 
filled  nearly  completely  with  the  liquid,  only  a  small  air-bubble  being 
allowed  to  remain  in  the  neck  of  the  bottle.  The  time  at  which  a 
sample  is  drawn,  as  well  as  the  time  at  which  its  analysis  is  Iiegun, 
should  be  noted.  An  effluent  should  be  drawn  to  correspond  as  nearly 
as  possible  with  the  original  sewage,  and  both  it  and  the  sewage  should 
be  taken  in  quantities  projiortional  to  the  rate  of  flow  when  that  varies 
(e.g.,  in  the  emptying  of  a  filter-bed). 

In  order  to  avoid  the  multiplication  of  analyses,  the  attendaiit  at  a 
sewage  works  (or  any  other  [(erson  who  draws  the  samples)  might  l>e 
provided  with  sets  of  twelve  or  twenty-four  stoppered  quarter- 
Winchester  bottles,  one  of  which  should  be  filled  every  hour  or  every 
two  hours,  and  on  the  laliel  of  each  bottle  the  rate  of  flow  at  the  time 
shoidd  be  written.  When  the  bottles  reach  tlie  laboratory,  quantities 
would  be  taken  from  each  proportional  to  these  rates  of  flow  and  mixed 
together,  by  which  means  a  fair  average  sample  for  the  twenty-four 
hours  would  l)c  obtained. 

The  committee  at  present  are  unable  to  suggest  a  method  of 
reporting  bacterial  results,  including  incubator  tests,  which  is  likely 
to  be  acceptable  to  all  workers, 

•Britiih  Association  Beport.  1S89. 
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114 

im 

•968 

•953 

745 

729 

686 

670 

427 

412 

270 

256 

114 

■957 

•912 

801 

7«fi 

645 

629 

499 

474 

386 

320 

182 

167 

029 

014 

877 

862 

724 
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658 

422 

271 

256 

121 
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•971 

•956 

692   677   663  '  648  i 
547   632  ;  618   503  '■ 
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Z<o««  of  NItrag«ii  by  BrvpontUoD  of  JTHM, 
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TABLE    7. 
Table  of  HardnMa,  Parte  ta  100,000. 


■s    d 

ll 

u 

ll 

"3     ^ 

ll 

ll 

^     to 

* 

» 

* 

». 

0.0. 

40 

I 

467 
■71 

8-6 

10-30 
'45 

12-0 

1 

16^43 

-69 

■86 

■60 

3 

■76 

3 

6-00 

■76 

8 

■90 

4 

14 

■90 

1706 

6 

■29 

11-05 

■22 

6 

■43 

■20 

■88 

07 

■DO 

7 

■57 

-35 

-61 

0'8 

•16 

8 

■71 

■60 

■70 

fr9 

■32 

9 

-86 

■65 

■86 

1-0 

-48 

60 

6-00 

9-0 

■80 

130 

1802 

■6S 

1 

■14 

9S 

-17 

■79 

2 

-29 

1211 

■88 

■95 

3 

-48 

■26 

■49 

111 

4 

-67 

■41 

-65 

■27 

5 

■71 

■66 

•81 

■43 

6 

-86 

■71 

■97 

56 

7 

7-00 

■86 

19-13 

■69 

8 

■14 

1301 

■29 

■82 

9 

■29 

■16 

■44 

20 

■96 

60 

■48 

10-0 

■81 

14-0 

■60 

2-08 

1 

■67 

■46 

■76 

■21 

2 

•71 

■61 

■92 

■8* 

3 

■8S 

■76 

20P8 

■47 

4 

S^OO 

■91 

■24 

-60 

6 

■14 

1406 

-40 

■73 

6 

■29 

■21 

■66 

■86 

7 

43 

37 

■71 

8 

■57 

•62 

■67 

312 

9 

■71 

■68 

2103 

8-0 

■2S 

7-0 

■86 

no 

■8t 

160 

■19 

'88 

1 

9'00 

1600 

■8S 

■51 

2 

-14 

-16 

-61 

-64 

8 

■29 

■82 

■68 

-77 

4 

■43 

■48 

-86 

•90 

6 

■67 

-63 

2202 

403 

6 

■71 

-79 

■18 

■16 

7 

■8H 

■95 

■35 

■29 

8 

10-00 

8 

1611 

8 

52 

89 

-43 

7-9 

■15 

11-9 

■27 

9 
160 

■69 
■86 

ib,  Google 


XXI. 

xxn. 

XXIII. 
XXIV. 
XXV. 
XXYI. 

I 

i  xxvn. 

xxvni. 

I  XXIX. 
i  XXX. 
i    XXXI. 


xxxir. 
xxxiir. 

XXXIV. 
XXXV. 


VplKnd  Sorfko*  WaMn. 

The  D«e  >bove  Bdmaral,  Hkrch  9th,  1872 

Gluga*  Water  supply  from  Loch  Katrina— »Yeraga  i: 


Mancheiter  Water  supply,  Maj  9th,  187* 
Cardiff  Water  supply,  Oot.  18th,  I87B 

Snrfaoa  Water  from  OnltlTBited  I.Knd. 
Duudee  Water  supply,  March  12th,  1872 
Norwich  Water  supply,  June  18th,  1872 

BbAUow  WallB. 

Cirenccafer,  Market  Place,  Nov.  4th,  1870 
Harlbarousb,  College  Tud,  Aug.  22Qd,  187S  ... 
BirmiDgbam,  Hurst  Street,  Sept.  18th,  1873    ... 

ShetBeld,  Well  near,  Sept.  27th,  1870 

Lundom,  Aldg»to  Pump,  June  5th,  1S72 
London,  Wellcl<»e  Si^uare,  June  Sth,  1872 
Leigh,  Easei,  Churchyard  Well,  NaT.  28th,  1871 
Deep  WellB. 

Birmingham,  Short  Heath  Well,  May  16tb,  1879 

Caterham.  Water  Works  Wall,  Feb.  14th,  1878 

Ditto,  Softened  (Water  supply) 

London,  Albert  Hall.  Hay,  1872 

Gravesend,  Bailnay  Station,  Jan.  17lh,  1S73    ... 


I ':  Clear ;  very  pile  brown  '■ 


I    Clear 
■Turbid  . 
Clear 


Slightly  turbid 

Clear     

Clear;  strong  saline  taste 
C  Very  turbid  t  oBen-  J 
j  sive.  Svarming  > 
(.     nith  bacteria,  Ac.  j 

Clear     ...        

.    Slightly  turbid; salinetaste 
I  Slightly  turbid... 


Iiondon  Water  supply— avarag-e  monthly  analyae*  dur  In^  SI  years,  1868—89. 

From  the  Thames  ... 

Prom  theLea 

From  Deep  Chalk  Wells  (Kent  Company) 

Ditto(ColneValleyCo.)9otteQed— thirteen  yeara,1877— 89 

Ditto  (Tottenham)— thirteen  jeara,  1877—86 . 
Birmingham  Water  attpply— aTaraKS   monthly  oiudysc 


lyaes,  187C-ie80. 


Averase   Compoaltlon  of  Unpolluted  Water. 

Ram  Water  ...  ...  ...  3i 

Uphind  Surface  Water         ...  ...  19c 

Deep  Well  Water  ...  ...  ...  15T 

Spring  Water         ...  ...  ...  las 

Sea  Water 


23 


Average  from  15  "  Midden  "  Towns,  37  analyses  >.,  I  .. 

Average  from  16  "  Wat«r  Clciret "  Towns.  60  analyses     ...     .. 
Salford,  Wooden  Street  Sower,  March  15tli,  1869  ...  [  .. 

Merthyr  Tydfil,  average  10  a.m.  to  5  p,m ,  Oct.  20th,  1871  V 

(alter  treatment  with  lime)  )    "' 

Ditto,  Effluent  Water  ...  ...  ...  ...;.. 
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In  parts  per  100,000. 
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TABZA   B. 
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1-53 
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0 

0 

0 
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■005 

■022 

■64 

— 

— 

■9| 

9'66 

-210 

-02S 

72 

■002 

0 

■0O2 

-031 

1-68 

■3 

3-7 

4-0  j 

roo 

-132 

■031 

41 

■002 

0 

■003 

■033 

■90 

0 

27 

2-7 

23-60 

'212 

■031 

6-8 
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83 
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27-3 

90-6 
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0 
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■217 

2-20 

20 
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11-6 

30  20 

■048 

■018 

2-7 

0 

■833 

-833 

■851 

2-06 

171 

66 

236 

28-02 

■101 

-038 

5-8 

0 

■210 

-210 

-243 

1-C8 

301 

28-99 

■134 

■025 

6-4 

0 

■22ti 

■226 

■251 

1-76 

209 

41-60 

■049 

-Oil 

4-5 

■446 

■446 

■468 

2-47 

28-6 

14-40 

■069 

■014 

4-a 

■003 

■367 

■870 

■384 

1-70 

6^0 

41-30 

■068 

■016 

4-2 

■0G4 

■143 

■196 

■196 

2-85 

— 

— 

283 

2601 

■245 

-064 

4-6 

■003 

■231 

■233 

■287 

173 

7-7 

8-8 

166 

2-95 

■070 

-015 

4^7 

■024 

■003 

•037 

■042 

■22 

_ 

_ 

■3 

967 

■322 

-032 

10-1 
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84 
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A-46I 

11-54 
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89-11 

722 

4-696 

2-205 

21 

5-530 

■003 

6523 

7-728 

10-66 

2418 

20-61 

4469 

4186 

11012 

7-634 

1-4 

5-468 

0 

5-468 

13-102 

20  50 

18-88 

26-44 

4682 

49-20 

1-282 

-952 

1-3 

1-054 

■052 

1'106 

2-068 

6-25 

7'88 
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14-44 

33-48 
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031 

4-0 

■018 
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-348 

■379 

260 

Tmce. 

_-.OO^^IC 


498  VOLUMETRIC   ANALYSIS.  g   lOU 

Calculation  of  the  Results  of  Water  Analysis. 


obtAined  oriucd. 


iwccoram.  .     ^     j^  AgNO,    ) 
l«dni.(A-K»l-)      dm.      „      „      ., 
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grama  of  KHj 
gntins  of  XH] 


Pree  or  Alb.  NH, 


( 10,  15.  or  20  c.p. 
(     pennaiiganate 

C  10, 15,  or  20  dm,  _ 

i     pemuinganate  >  :  ^ 


Futorformluper  | 

I.110I1- 

1 

0-7 

-o,    1 

0-5 

-CI 

0-175 

=N 

0-27 

-N 

0-193 

-■N 

576-45 

=N 

1152-9 

-N 

38-43 

=N 

;  » 

57-6* 

-N 

;  " 

own 

-NH, 

:    X 

00-1 

=NH, 

\ 

-0-28(10 

rl-Gor 

.1 

-0 

■( 

X  0-02(10 
B 

r  1-6  or 

i( 

2--. 

2800 
ZOO 

-O 

'.c.  or  dm.  ot  thio«iIp)l*U 
or  dm.  of  thlonilpbat*  ao 


iptmdiDK  to  lu  < 


Coefficients  and  Iiogarithms  for  Tolumetric  Analysis. 


CoefficitntB. 

Nonmil  H^SO, 

c-c.  =  0-049 

gm-H^O, 

2-68019 

„  -0-048 

„    SO,.    ..- 

a-66124 

..    =0-040 

„  so,    ... 

2-60306 

Nomuil  HCl 

c.c.  =  0-0366 

:,    HCl    ... 

2-66229 

„  -0-0355 

„    CI 

2-55022 

NornuJ  HNO, 

c.c. =0-063 

..    HNO, 

2-7993* 

„  =0-062 

279283 

„  =0-054 

2-73289 

Normal  HAO. 

cc.=0fl63 

..   HAOh,  20H 

5         ...        -  .     2-79934 

.,   =0-045 

2-65321 

Normal  Add 

<;.c.=0017 

S-23044 

„    -O-085 

.,    NH,HO 

2-54406 

,.    =0-191 

„    NajUjO^lOH 

0         1-28103 

„   =0-037 

2-66620 

„    =0-028 

„    CaO    ... 

2-44715 

„    =0-05 

.,    C»CO, 

369897 

„   =0-0855 

„    BaH-O, 

2-93196 

.,   -  0-1576 

„    BaH;O^H,0 

1-19728 

„   =0-0985 

,.    BaCOj 

299343 

,.  =0-02 

::  Mgo  .. 

230103 

„   =0-042 

,.    MgCO, 

2-62324 

„   -0-056 

„    KHO 

3-74818 

„   -0-069 

„    KjCO, 

2-83884 

„   =0-188 

„    KHCMfi, 
..    K,C,H/>7 

1-27415 

„   =0-102 

100880 

..  -0O98 

„    KCHA 

3-99122 

„   =0141 

„    KXaC.H,08 

I14B21 

..Google 
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COEFFICIENTS   AND   LOGARITHMS, 


CoefflcbmU. 

NorauJAcid           Ice. -004       gm.  NaHO          

...     3-60206 

„  =0-053 

„    NajCO,         

...    2-72427 

„   -0-143 

.,    Na,C(VOH,0 

...     1-16536 

„  =0-084 

„    NaHCO,       

...    2-92427 

NoniwaNaHO          1  c.c.  =  0-040 

„    NaHO           

...    B-eoao6 

„  =0-031 

..    NajO 

„    KHO 

...     3-49136 

Noraua  KHO           1  c.c  =0066 

...     2-74818 

„   -0-047 

„    K,0 

...  a-67ao9 

Normal  NajCO,        I  c.fi.  =  0-05S 

„    Na^CO,          

...    2-72427 

„   =0-030 

„    CO. 

...    2-47712 

,.   =0-022 

...     a-34242 

Normal  Alkali           1  c.o.=0-06 

::  hSKh.0    ;■; 

...     2-77816 

„  -0-07 

...     2-84G09 

..   =0-03«S 

...     2-66229 

„  =0-0808 

„    HB, 

...     2-90741 

„   -00128 

„    HI     

...     1-10721 

„   -0-068 

„    HNO,          

...    2-79984 

„   =0049 

.,    H^4             

...     2-69018 

„   =0078 

„    H^.H.O,     

...     2-87606 

»/,0  Silver                Ice.-O-OlOS 

„    aJ      ..         

...     2-08342 

„   =0-017 

„   AgNOa         

...     2'230»1 

„   =0-03855 

„    CI        

...     3-65022 

„  -0tl0C35 

„    NH^Cl          

...     3-72835 

„   =0-00746 

„    KCl 

...     3-87215 

„  =0-0119 

„    KBr 

...    2-07554 

„  -0-0108 

,.    NaBr            

...     201283 

„  =0-0064 

„   NajHAsO,     

...    3-80618 

"/lo  Iodine               1  c.';.-0-0032 

;;    H,^Os"                   '.'.'. 

...     360615 

„   =0-0041 

...    3-61278 

„   -0-00495 

;:  A^o.' 

...     3-69460 

„  -002*9 

...     2-39446 

„  =0-0128 
„  =0-0097 

"  JSbtt!^ 

..      2-10037 
...    3-98677 

"   FeSOj      "     ...        '.'.'■ 

...     3-66896 

„   =0051 

„   P6^0,H,0 

„    FeS0,7H~O 

...    2-70757 

„   =0-0849 

...    2-92890 

„  =0-0348 

..    FeCOa            

...     2-54157 

.,  =0-0696 

,.    F«30.             

,-,     284260 

„  =0-0216 

..    PeO 

...     2-88445 

...     2-39446 

„   =0-0127 

,.  J         .,- 

...     2-10380 

„   =0-00355 

„    CI       

...     3-65022 

,.  =o-ooso 

.,    Br      

...     3-9O309 

Calcicm  (C«-40) 

Ic.o.  w/lopermangaiiate  =  0-0028gia.  CaO 

..     3-44715 

=0-OOfiO  gm.  CaCOj           

,,.    3-69897 

=0-0086  gm.C»S0„20H, 

...     393449 

normal  oialic  acid  =  0-O28O 

gm.  CaO 

...     2-44715 

Crjst.  oxalic  acid  x  0-444     =  CaO 

...    I-fl47a8 

Double  iron  salt  xO-07143-CaO 

...     2-85388 

Chlorine  (C1-3G-37) 

1  e.c.  l»/io  silver  solution =0-003545  gm.  CI 

...      3-64863 

=  0-005&15gin.  NaCl          

...     3-76618 

srwDious  or  thiosulphate  solution =0-003545  gin.  CI 

..    3*54863 

CHEomrM  (Cr=62-4) 

Metallic  iron  »  0-3123-Cr 

...     1-49467 

X  0-5981  =Cr03      ... 

...    1-77677 

X  0-8784=  KjCrjO; 

...     1-94869 

xr926  =PbCr04 



...     0-28465 
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CHKOmrM  (Cr-52-4) 

Double  iroD  salt  xO'0446''Cr   ...         

«0'0654.=CrO, 
x01255  =  K.CrjO;      ... 

xO'275  =PbCrOi      ,. 
1  c.c.  "/lo  solution -00033i3  Km- CrO, 
„  „       -0-00*92  gm.  KjCrjO, 

COPPEK  (Cu-63) 

1  c.c.  "/lo  Bolutioa— 0-0068  gm.  Cii     - 

Iron  X  l-l25=TOpper      

Double  iron  salt -i  Oia07=copper         

Cyinoobn  (CN=26) 
1  CO.  "/lo  Pilver  eolulion -0-0052      pn.  CN 
„  „  =00054     gm.  HCN 

-0-01302   Kin.  KCS 
„    »/io  iodine  -0-00325Gpu.  KCN 

PoTASsicu  Pebboctakioe  (KjPeCj,,  30Hs=422) 
Metallic  iron.      »  7-541  — cryst.  potissium  ferrocvanide 
Double  iron  salt  x  1-077  =     „  „ 

Potamhim  FEREirTiNiDE  (K,FesCyij-658) 

Metallic  iron         x  G-88     —  ^yotasaium  f eTric^-anide    .. 
Double  iron  salt    xl-68    =        „ 
*/lo  thiosulphale  X  O-0323- 


lRON(Fe  =  56) 

1  c.c.  "/lopennanganate,  hichroraal*,  orthio9ulphate  =  O0066  Y 
-0-0072  F 


§  101. 

LogmrithmL 
..  2-64933 
,.  a-93145 
.  1-09864 
..  1-43938 
...     3-624tll 


3-79984 
0-06115 

1-20601 

3-71600 
3-73239 
S-11461 
3-513Sfi 


2-61719 
3-81624 
2-10209 


LBAD(Pb  =  206-4) 
1  c.c.  '/lo  permanganate =0-01032  gm.  lead  ., 
1  c.c.  normal  oxalic  acid=01032  gm.  lead 
MeUllio  iroD          •  1-842  -  lead 
Double   iron    Mlt  >0'263^1ead  

Manganese  (Mu— 55} 

MnO  =  71.     MuOs  =  87. 

Metallic  iron  X0-4S1     =Mu 

x0-(i3393  =  Mu0 

xO-77ll»  =MnO, 

DoubieironsaitnOOSni-MnO 

„  xO-111   =MnOa 

Cryst.  oiaiic  acid  X  0-6916  =  JInO" 
1  P-c.  ''ho  5o!alion-0'003oo  gm.'MnO 
„         =0-00435  gin.  MnO, 

Mebcthv  (Hg-200) 
DoHbleirouialtxO-5104  =  H(;  ... 
xOG914-Hj;Clj 
1  c.c. ''/io,wlnlion  =  0-0-200;.in,Hg   ... 
=0020«>,'in.  Ug..O 
„  „         =0-oariBin.  HgCl. 


1-69108 
1-80204 
1-89030 
S-96951 
1-04632 
1-33985 
3-55022 


2-30103 
3-31606 
3-43296 
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iTEOGEN  AS  Nitrates  and  Nitb 

Te8(SA-H18-    N,0, 

=76) 

Normal  acid  x00540  =  N,Oj    ... 

..     2-73289 

xO-10Il  =  KNO,,., 

..     1-00476 

Metollio  iroc«0'3750=KNO,... 

.,     1-67403 

<0-6018  =  KNO3... 

..    I-77M5 

-0-321+=N.Oj    „. 



..     1-50704 

SlLTEB{A«=  107-88) 
1  CO.  >^/ioN»Cl=O-01O76flgm.  Ag.   ... 
-  0  016998  gm.At<N03 


Double  iron  aill^O-l&OS^tin 

,,     1-17768 

...    3-77086 

Zinc  (Zn-65) 

Metallic  iron  X  0-5809  =  Zn         

...     176410 

xO-734  -ZnO      

...     I-B5973 

Double  iron  Baits  0-08298=  Zii           

,,     2-91897 

kO-1034  =ZuO         

...     1-01452 

1  C.C.  M/io  solution =0-00325  gm,  Zn 

,.     3-511B8 

Id  b,  Google 
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ADDENDA  TO  PARTS   IL,   III.   AND   VI. 

AUHOITIACAI.  UQTTOBS. 

Since  the  coiiclusiona  on  tlie  nietlioils  of  analysis  of  ammoniacal 
liquors  w«re  siimuiariKed  in  §  19.4  occasion  has  arisen  for  the  exact 
estimation  of  small  quantities  of  hj-drocyauic  acid  often  present  in 
euch  liquors,  and  a  Jiiethod  lias  b«en  deviseil  and  communicated  by 
E,  Linder,  a  clever  experimental  cliemist  in  the  laboratory  of  the 
Chief  Inspector  iiniler  the  Alkali  Works  Regulations  Acts,  from 
whom  also  the  former  contribution  came  relating  to  tlie  various 
comgioundii  existing  in  ammoniacal  liquors  (page  77).  Opportunity 
has  not  yet  occuri'eil  for  extended  trial  of  this  method  on  a.  variety 
.  of  liquors  from  various  sources,  but  it  has  Ijeen  sufficiently  established 
to  deserve  mention  here. 

1.     Sul; 
the  liquor  a, 

about  130  c.c.  in  flask  attached  to  a  coadeueer  and  receiver  Eimilar  to  that 
employed  for  estiniatiou  of  ammonia  dip.  72,  73)~the  receiver  being  charged 
nith  10  c.c.  of  cauHtic  soda  aolutiou  free  from  nitritee  (sp.  gr.  about  1.2) — 25  c.c. 
of  40  per  cent,  tartaric  acid  solution  are  cow  run  int«  tbe  flask  tbtougb  a  side 
tube  sealed  in  the  liquid,  and  diNtJUatiou  continued  for  15  minutes.  The  conlents 
of  the  receiver  are  then  made  up  to  160  c.c,  and  the  cyanide  determined  by 
'''    ''  n  with  '•/lo  silver  nitrate,  or  by  */io  iodine  in  the  usual  way. 

o  AgNoj=O0I3O2  KCN  grams. 

oioaiiie  =  iJfl03255  „ 

cyanidf ,  .... 

[I  boiling  solution  by  tartaric  acid  nith 
evolution  of  hydrocyanic  acid ;  this  causes  the  tl^re  for  hydrocyanic  acid,  as 
determined  above,  to  slightly  exceed  its  proper  value.  When  ferrocyanide  is 
present,  therefore,  one  to  two  grams  of  ferric  nitrate  or  chloride  should  be  added 
to  the  flask  after  addition  of  the  tartaric  acid  and  before  distillation  commences ; 
by  this  means  the  ferrocyanide  is  converted  into  Pnissian  blue,  which  evolves  no 
hydrocyanic  acid  under  the  conditions  lumed. 


CYAHOG-EIT. 

A  new  method  for  the  analysis  of  cyanides  has  l>een  introduced  by 
J.  McDowall  (C.  A'.  ]xxxis.'229)  as  follows:— 

If  the  blue  solution  produced  by  adding  ammonia  to  a  cnprlc  salt  is  added  to 
potassium  cyanide,  the  colour  disappears  until  a  certain  quantity  of  the  coloured 
solution  has  been  added ;  then  it  ceases  to  be  decolorized.  On  account  of  the 
intense  colour  it  seemed  tliat  it  would  make  a  good  standard  solution  for  volu- 
metricnUy  determining  the  amount  of  cyanogen  present  in  the  presence  of 
chlorides. 

The  standard  solution  was  made  by  dissolving  25  gm,  of  copper  sulphate  and 
pouring  the  solution  into  a  liter  flask,  then  adding  distilled  water  till  the  flask 
was  half  filled ;  ammonia  was  then  added  till  a  clear  blue  liquid  was  produced : 
the  liquid  was  then  diluted  up  to  the  mark.  The  solution  was  standardized  by 
weighing  out  O'o  gra,  chemically  pure  potaswum  cyanide,  dissolving  in  100  cc. 
water,  and  adding  5  c.c.  of  ammonia.     The  blue  solution  was  then  run  in  with 
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consUnt  stErrinir  uatit  tbe  colour  began  to  disappear  slonlj',  and  then  drop  hy 
drop.  The  fiaUh  is  very  Ftmrp,  one  drop  being  eoffident  to  tinge  the  solution 
a  light  blue  colour,  very  connpicuoua  against  a  white  surface. 

Eiperimenls  were  nude  to  see  if  chlorides  had  any  action,  and  it  vna  found 
that  tbey  had  not. 

Tbe  method  is  therefore  aa  accurate  as  the  siLTer  aagsy,  and  oblorideg  do  not 
interfere.  It  has  the  advantage  over  the  silver  method  of  not  being  acted  on  by 
light,  and  at  much  less  cost,  a  matter  of  some  imporlani  e  where  many  assays  of 
cyanides  have  t«  be  done  daily.  It  baa  also  a  coloured  finish,  which  is  preferable 
to  turbidity  in  volumetric  work.  It  is  useful  in  mining  districts  as  a  speedy  and 
acouiste  method  for  determining  tlie  purity  of  the  potassium  cyanide  niei  for  the 
extraction  of  gold. 

ESTIKATING   THE   HARDITESS   OF  WATERS. 

The  metligtl  as  arranged  by  Heliner  is  described  in  §  18.5,  but 
a  pajier  read  before  tlie  Yorkshire  section  of  the  Society  of  Chemical 
Industry,  by  H.  R.  Procter,  modifies  the  method  somewhat,  and 
leads  in  many  cases  to  greater  accuracy.  The  fotlowing  is  a  )>art  of 
that  paper  as  written  by  him  (J.  S.  C.  1.  xsiiL  8).  The  greater  part 
has  relation  to  the  technical  plans  of  water  softening  for  steam  boilers 
and  other  purjioses.    ■ 

Uehner  titrates  the  temporary  or  bicarbonate  liardness  with^/io  HCl.  u><ing 
methyl  orange  as  an  indicator,  which  is  practically  insensitive  to  carbonic  acid. 
The  method  gifes  very  exact  results  if  certain  precautions  are  taken.  Methyl 
orange  is  the  sodium  salt  of  a  colour  acid  of  moderate  strength,  and  the  change 
from  the  yellow  salt  condition  to  the  red  colour  of  the  free  acid  marks  the  end 
point,  which  is  sharp  and  exact  when  working  with  strong  mineral  acids,  and 
with  normal  solutionn.  Even  in  this  case  it  is  desirable  to  use  the  smallest 
possible  amount  of  the  indicator,  but,  in  working  with  ^/lo  solutions,  the 
amount  of  aoid  required  to  completely  decompone  the  colour  salt  becomes  very 
perceptible,  and  the  change  from  yellow  to  red  ia  not  instantaneous,  but  passes 
through  orange  to  pink  with  the  consumption  of  an  appreciable  amount  of  acid. 
Thus  it  was  found  that,  using  a  10  gm.  per  liter  solution  of  the  indicator  in 
26  0.0.  of  water  treed  from  carbonic  acid  by  previous  boiling,  tbe  following 
quantities  of  '/lo  V.Ci  were  required  to  produce  a  clear  pink : — 8  drops  of 
methyl-orange  solution  =  l-5  c.c,  4  drops^O'S  cc,  2  dropa=0-5  c.o.  As  even 
0*5  c.c.  in  titrating  100  c.c.  of  water  would  correspond  to  2'5  parts  of  hardnee-i 
per  100,000,  and  there  is  abvays  a  queitiou  as  to  what  particular  colour 
corresponds  to  the  neutral  point,  tbe  following  procedure  may  be  recommended. 
To  100  c.c.  of  distilled  water,  one  drop,  or  some  other  deAnite  quantity  of  the 
indlcntor  is  added,  and  titrated  to  orange,  or  to  (be  tint  to  the  change  of  which 
the  eye  of  the  individual  operator  is  most  sensitive.  The  water  of  which  the 
hardness  is  to  be  determined  is  similarly  titrated  with  the  same  quantity  of 
indicator,  and  In  a  similar  beaker,  until  It  exactly  match^  the  distilled  water, 
and  from  the  amount  of  acid  so  used  the  quantity  is  deducted  as  a  correction 
which  was  required  to  produce  the  same  colour  change  with  distilled  water  only. 
The  results  so  obtained  accurately  corres^nd  with  (hose  got  by  using  alizarin  as 
an  indicator  in  boiling  solution,  though  in  the  latter  method  the  end  reaction  is 
sharper.  It  may  be  noted  that  methyl  orange  is  not  absolutely  unaffected  by 
carbonic  acid,  a  somewhat  crocus-yellow  being  attained  instead  of  the  lemon 
yellow  reached  with  pure  boiled  wafer,  but  the  difference  is  insufficient  to 
interfere  with  its  fatisfactorj'  use  as  an  indicator. 

Hehner's  method  for  the  determination  of  permanent  hardness  is  less 
satisfactory  than  the  foregoing.  It  consists  In  evaporating  100  c.c.  of  the  water 
to  dryness  with  a  known  eioess,  say  20  c.c,  of  ^Im  sodium  carbonate  solution, 
taking  up  the  soluble  matter  with  cold  distilled  water,  filtering  off  the  precipitated 
calcium  carbonate  and  magnesia  on  a  small  filter,  washing  the  precipitate  with 
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t»td  water,. and  litnling  batk  the  excess  of  sodium  <arbanti(«  id  tbe  filtnte  wilb 
metliyl  online  or  rosolic  acid  *s  indicator.  With  linie-hirdnpsH  only,  and  irith 
the  precautioiu  above  described,  the  method  may  b«  proDouuced  fairly  eKti»> 
factory;  with  magnesia,  it  ]»  well  not  merely  to  evaporate  to  dryness  but  to 
slightly  beat  the  residue  to  thoroughly  decompose  any  magnesium  carbonate 
pnvent,  and  even  then,  the  va^hing  should  nut  be  e^tcen'ire,  as  calcium  carbonate 
IS  soluble  to  the  extent  of  3  pariA  per  100.000.  and  magnesia  to  about  2*5  parth 
A  more  accurate,  as  well  a»  a  more  rapid  method  is  to  employ  a  fair  excels  of 
sodium  carbonate,  and  to  nulie  up  the  solution  to  a  known  volume,  t«y  100  c.c, 
and  pi]«tte  nfl  an  aliquot  part  for  litiatioii,  as  the  presence  of  eicet<s  of  sodium 
carbonate  materially  reduces  tbe  Mlubility  both  of  calcium  and  magnesium 
carbonates.  Both  those  method.-',  however,  should  be  siu|>erseded.  where  really 
accurate  work  is  required,  by  those  iutrodiiced  by  Preirer  and  Wartha 
(Z.  a.  C,  1902.  19N).  That  'for  the  determinatioa  of  temporar}-  bardnees  is 
identical  with  that  of  Uehner,  except  that,  in  place  of  methyl  oran^,  a  drop  of 
a  mixture  of  about  1  gm.  of  the  purest  alizarin  joste  in  200  c.c.  of  distilled  wvter 
is  employed.  This  indicator  is  snrprisinRly  sensitive  ;  even  more  so  I  think  thM 
phenol phthalein,  but  as  it  is  unfprtunately  affected  by  carbon  dioxide,  it  is 
necessary  to  complete  the  titration  at  a  boiling  temperatute.  The  chai^n 
is  from  violet  in  alkaline  solution  (jicrhaps  »ligbtly  varying  in  shade  nlth  the 
nature  of  the  particular  base  present)  to  a  perfectly  clear  pale  lemon-jellow 
when  neutral  or  acid.  The  titislion  of  the  water  should  be  done  with  ^/lo  HCl 
or  H1SO4  in  a  silver,  platinum,  or  hard  porcelain  b«sin.  Tlie  acid  should  be 
added  Id  the  cold  till  the  violet  shade  irises  place  to  a  clean  yellow,  and  the  liquid 
then  brought  to  a  boil,  when,  with  tlie  escape  of  carbonic  acid,  the  violet  colour 
will  return,  and  should  at  ouce  be  destroyed  by  the  addition  of  another  drop  of 
the  acid,  and  so  on,  until  no  further  change  of  colour  takes  place.  It  is 
undesirable  to  boil  tho  indicator  long,  especially  in  an  alkaline  condition, 
as  a  violet  depoi>it  is  fonned  on  the  sides  of  the  basin,  presumably  of  calcium  and 
magnesium  aiiiarates,  which  can  only  be  dissolved  by  excess  of  acid,  and  is  thus 
apt  to  cause  perceptible  errors.  In  place  of  titrating  to  exact  neutrality,  the  a<ud 
niav  be  added  in  very  small  excess,  and  the  whole  of  the  liberated  carbon  dioxide 
boiled  off  at  once,  and  the  solution  then  brought  back  to  neutrality  by  'Vio 
XaOH.  the  solution  boiled  for  a  moment,  and  the  titration  completed.  The 
results  in  either  case  are  exact,  a  fraction  of  a  drop  of  alkali  chaugiug  the  clear 
lemon  colour  to  a  dirty  yellow.  If  100  c.c.  of  water  are  used,  multiplication  of 
the  c.c.  of  acid  by  5  gives  the  temporary  hardness  in  parts  of  (ico,  per  100,000, 
The  boiling  must  in  no  case  take  place  in  an  ordinary  glass  beaker  or  flask,  as  an 
amount  of  alkali  is  di>«olved  which  may  lead  to  serious  inaccuracy.  Even  bard 
Jeiui  glass  is  not  free  from  this  effect,  though  the  amount  dissolved  is  so  small 
that  for  most  practical  purposes  it  may  be  neglected.  The  following  eiperiment 
will  illustrate  the  point.  1(X)  c.c  of  distilled  uikter  boiled  for  an  hour  (with 
additions  to  maintain  the  volume  in  a  Berlin  porcehiin  basin)  showed  no  alkalinity 
or  colour-change  with  alizarin :  in  a  Jena  flask  a  perceptible  change  of  colour  was 
visible,  but  pure  yellow  was  restored  with  one  drop  of  "/lo  acid,  while  when 
boiled  in  an  ordinary  Bohemian  flask,  0'4  c.c.  of  acid  was  consumed,  and  if  the 
neutralized  liquid  were  boiled  further  it  again  became  alkaline,  and  further 
additions  of  acid  were  required,  so  that  no  coincident  results  could  be  obtained. 
Svilh  the  jirecautions  named,  tlie  results  with  a  known  solution  of  hydric  calcic 
carbonate  containing  only  5'5  parts  of  temporary  hardness,  and  whether  titrated 
alone  or  with  additions  of  magnesium  sulphate,  were  accurate  within  one  part  in 
100,000,  and  experiments  with  other  quanlitiea  were  equally  satisfactory. 

In  the  determination  of  permanent  hardness,  Pfeifer  and  Wartha,  in 
addition  to  tlie  use  of  alizarin  as  indicator,  have  introduced  the  important 
improvement  of  replacing  the  sodium  carbonate  of  Uehner's  metliod  by 
■A  tnlxEure  of  equal  parts  of  "/lo  sodium  carbonate  and  hydroxide  solutions 
^^'hile,  as  has  been  already  explained,  sodium  carbonate  perfectly  precipitates 
calcium  salts  as  carbonates  on  merely  boiling,  it  becomes  necessary  to  evaporate 
to  dryneHi  and  to  heat  whenever  any  magnesium  salt  is  present,  in  order  to 
convert  matinesium  caitotnte  into  oxide,  since  magnesium  carbonate  is  not 
sufficiently  insoluble.     In  presence  ot  sodium  hydroxide,  however,  the  magnesium 
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carbonate  is  at  once  converted  into  m^fnesium  hydroxide,  and  perfectly  efficient 
precipitation  is  obtained  by  merely  bailing  for  some  time  with  sufTicient  excess 
of  the  reagent.  A  good  excen,  say  60  per  cent,  or  more,  is  e8!<eutial,  not  only 
because  it  is  impossible  to  s»y  before  analysis  what  proportion  of  sodium 
carbonate  and  iriiat  of  caustic  will  be  required,  but  because  the  presience  of  the 
CO)  ions  of  the  sodium  carbonate  in  the  solution  greatly  lessens  the  solubility  o( 
the  calcium  carbonate,  and  similarly  the  OU  ions  of  the  sodium  hydroxide  lesaeo 
that  of  the  magnesium  hydroxide.  Unless  the  water  is  extremely  hard.  iO  c.c. 
of  the  ^/lo  mixed  solution  to  200  c.c.  of  waler  is  a  conrenient  and  sufficient 
quantity.  The  mixture  may  be  boiled  until  reduced  within  200  c.c.  iu  a 
platinum  or  porcelain  basin,  or,  more  conveniently,  and  with  no  material  loss  of 
accuracy,  in  a  300  c.c.  Jena  Sask,  but  on  no  account  in  ordinary  Bohemian 
glass.  Even  the  Jena  flask  will  become  perceptibly  etched  at  the  water  line  if 
used  repeatedly.  The  solution  after  cooling,  is  made  up  to  800  c.c  with  distilled 
water  in  a  gauged  flaak,  and  allowed  to  stand,  till  the  precipitated  bases  have 
settled,  and  100  c.c.  is  pipetted  or  siphoned  off  and  tilrated.  As  the  quantity 
named  corresponds  to  lOO  c.c.  of  the  original  water,  and  £6  c.c.  of  "/to  alkali, 
the  difference  between  the  acid  actually  used  and  25  c.c,  will  correspond  to  the 
amount  of  alkali  neutralized  by  the  acids  of  the  permanent  hardness,  and 
multiplied  by  6  will  give  the  hitter  in  terms  of  m.gms.  per  100,000  calculated  as 
calcium  carbonate.  The  temporary  hardness  will  also  be  precipitated ;  but,  con- 
taining no  tiled  acids,  will  not  interfere.  Pf  eifer  employs  the  water  which  has 
been  neutralized  in  the  titration  of  temporary  hardness,  in  place  of  the  original 
water.  In  this  case  the  result  obtained  will  represent  total  hardiiesB,  from  which 
the  permanent  hardness  is  obtained  by  deducting  the  temporary.  In  place  of 
allowing  the  precipitate  to  settle,  the  solution  may  be  filtered  through  a  small 
filter,  which  is  carefully  washed  with  the  solution,  of  which  the  first  50  c.c.  or  so 
is  rejected,  as  filters  are  rarely  absolutely  free  from  acidity  or  alkalinity,  and 
even  if  at  Grst  perfectly  neutral,  easily  absorb  acids  or  ammonia  from  the 
laboratory  air,  unless  very  carefully  protected.  Many  irr^ularities  occurred  Id 
the  determinations  until  this  source  of  error  was  detect^.  16  cm.  filters  of 
three  different  makes  were  macerated  with  distilled  hot  wat«r,  and  proved  in  all 
cases  alkaline  to  methyl  orange  and  acid  te  phenolphthalein,  the  difference 
between  the  two  indicaters,  +  or  — ,  amounting  in  each  case  to  about  0'7S  c.c. 
of  ^/lo  solution.*  A  case  must  now  be  considered  which  is  not  very  infrequent 
in  waters  of  this  district.  It  occasionally  happens  that  in  the  determination  of 
permanent  hardness,  a  larger  quantity  of  acid  is  required  U>  neutralize  the 
mixture  than  corresponds  to  the  volume  of  **/io  alkali  which  has  been  added, 
and  that  therefore  the  permanent  hardness  would  appear  as  a  minus  quantity. 
This  somewhat  puzzling  result  is  due  to  the  presence  of  sodium  carbonate  in  the 
original  water,  which  in  this  case  can  have  no  permanent  hardness  other  than 
that  due  to  the  solubility  of  calcium  carbonate,  which  caimot  be  removed  by 
softanini;,  but  which  is  not  reckoned  in  the  above  methods  ot  analysis,  though  it 
is  counted  in  the  soap  test.  Where  sodium  carbonate  is  thus  found,  a  pro- 
portionate amount  must  be  deducted  from  the  temporary  hardness.  If  the  total 
hardness  after  neutmlization  is  determined  by  Pfeifer  s  method,  the  presence 
of  sodium  carbonate  will  be  indicated  by  the  total  hardness  coming  out  as  less 
than  the  temporary,  the  difference  being  obviously  the  alkalinity  due  t«  the  soda; 
each  part  of  hardness  corresponding  to  1*06  part  of  sodium  carbonate.  Since  in 
the  ordinary  methods  of  water  softening,  lime  is  precipitated  as  carbonate,  hut 
magnesia  as  oxide,  with  the  consumption  ot  a  double  quantity  of  caustic  lime  or 
caustic  alkali,  it  is  impossible  from  hardness-determinations  alone  to  calculate 
the  materials  required  for  softening,  or  the  actual  weights  ot  the  bases  titrated, 
so  long  as  it  is  nncertwn  whether  or  in  what  proportion  magnesia  is  present, 
Pfeifer  determines  this  in  the  following  manner:— 100  c.c.  ot  the  water  is 
neutralized  with  "/to  acid  in  presence  of  alizarin,  in  boiling  solution,  exactly  as 

'to  confinnatiaD  of  tbU  defect  In  Blt«r  papen  Lenormand  baa  given  tbehiatoirof 
inthoanslySsof'"      "'"'"' 
to  setUe  clear,  e 
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in  the  delFrminatioa  of  1«mporary  lurdces?,  wliich  nuty  be  oombiDed  with  tlut  of 
DUignesin.  A  known  quantity  of  clesr  Umen-tter  (25  or  6D  c.c.)  which  should  b« 
■t  teut  60  per  cent,  in  exivss  of  that  required  for  precipitating  the  nugne^ia 
present,  is  measured  into  a  200  c.c.  flask,  tlie  hot  neulrsliied  solution  ix  rinsed  in 
witb  baiting  diMilled  water  free  from  carbonic  »cid,  &nd  made  up  with  the  latter 
to  6  c.c.  above  the  mark  to  allow  of  contraction  in  coolinfr;  the  flnak  is  lis'htly 
corked  or  xtnppered,  and  well  shaken  to  mix,  for  which  purpose  the  neck  above 
the  mark  must  be  a  lon^  one,  and  ret  luide  to  cool  and  settle.  Though  not 
essential,  it  probably  incresia*^  the  completeness  of  the  precipitation  if  the  corked 
flask  U  heated  for  halt  an  hour  or  so  on  the  water-bath.  I  prefer  to  allow 
sufficient  time  for  the  liquid  to  completely  clear,  and  to  pipette  oil  100  c.c.  to 
titrate  back  with  ''/lo  aoid,  which  may  be  done,  cold  with  phenolphthalein.  or 
hoi  with  alicarin  wiih  equal  aecuncy.  Pfeifer  lilterB,  but  in  this  cane  tha 
strength  of  the  limewaler  must  be  determined  by  a  bUnk  eiperiment  conducted 
in  exactly  the  fame  way  with  di.itilled  wat«r ;  and  it  is  better  to  reject  the  first 
60  c.c.  in  each  ca.<>e  to  avoid  error  from  want  of  neutrality  of  the  filler-paper,  and 
great  care  must  betaken  to  filter  rapidly,  and  to  avoid  possibilities  of  carbonation 
b^  the  atmosphere,  (or  which  purpiie  a  suelion  filter  with  a  perfomted  porcelain 
disc,  covered  with  s,  neatly-fitted  disc  of  filter-paper  answers  well.  If,  on  the 
other  hand,  the  liquid  is  settled  and  pipetted,  the  risk  ot  carbonation  is  so  small 
that  an  equal  qiiantity  of  the  same  limewaler  may  be  mensured  direct,  and 
titrated,  using  the  same  indicator  as  has  been  employed  for  the  water, 
phenolphthalein  in  the  cold  being  on  the  whole  preferable.  Deducting  the  ^/iq 
acid  required  for  the  miiture  of  limewater  and  water  from  that  employed  for  the 
limewater  alone,  and  multiplying;  the  difference  by  five,  gives  the  hardness  due  to 
magnefia  in  terms  of  m.gnia.  of  calcium  carbonate  per  100.000,  from  which 
actual  Mg  may  be  reckoned  by  mulfiplvinir  by  O'Si  ;  or  MgO  multiplying  by 
0'4,  Carefully  conducted,  the  method  is  e.^tremely  exact,  its  accuracy  being 
quite  equal  to  that  of  the  determination  of  hardness,  and  probably  superior  to 
that  of  any  gravimetric  method  for  such  minute  quantities.  The  theory  of  the 
process  in  that,  while  cnlcium  hydrate  will  precipitate  magnesia,  it  ha.i  no  action 
on  lime  salti ;  and  a  good  excess  of  lime  serves  not  only  to  quicken  the  reaction 
but  to  dimiiiLsh  the  solubility  of  the  magnesia.  If  iron  is  present  it  will  of 
.  course  be  reckoned  with  the  magnesia,  and  should  be  determined  colorinetricaUy 
with  thiocyanate  (also  a  process  of  great  accuracy  for  small  quantities),  and 
deducted.  It  may  be  assumed  that  it  Is  present  in  the  ferric  state,  and  that 
therefore  0'24  of  Mg.  corresponds  to  0  3733  of  Fe.  Aluminium,  if  present, 
would  behave  like  iron,  any  traces  uf  alumina  dissolved  by  lime  having  no  effect 
(on  phenolphthalein  at  least),  but  it  is  rare  that  more  than  traces  of  alumina 
exist  in  natural  waters,  though  it  would  have  to  be  reckoned  with  in  river-watera 
receiving  manufacturing  effluents,  and  its  estimation  would  not  l>e  particularly 
easy.  Possibly  a  colorinielric  method  with  alcoholic  cj;tmct  oE  l(^«ood  or  some 
other  mordant  dyestuff  might  be  devised  where  the  waler  w»s  required  tor 
dyeing,  but  it  is  not  likely  that  it  would  introduce  »ny  material  error  into  water- 
softening  calculations,  and  it  would  be  removed  nith  the  other  impurities. 
Having  determined  the  magnesia,  or,  more  strictly,  the  acid  with  which  it  and 
any  other  bases  are  combing  which  are  precipitable  by  lime,  it  becomes  possible 
to  calculate  the  calcium  present  in  the  water,  by  deducting  the  magnesia-hardness 
from  the  total  hardness,  and  calculating  the  remainder  into  Ca  by  multiplication 
by  04.  The  carbon  dioiicie  present  as  hydric  carbonate  is  given  in  parts  per 
100,000  by  multiplication  of  the  temporary  hardness  by  0-88  for  CO.j  or  1'2  for 
CO],  ^'hen  the  proportion  of  hardness  due  to  magnesia  is  known,  it  is  possible 
to  calculate  tlie  quantities  of  lime  and  sodium  carbonate  required  for  soflaniog, 
since  ma^'uesium  salts,  as  lias  been  stated,  cannot  be  satisfactorily  removed  as 
carbonates,  but  roust  be  converted  into  hydroxides  by  lime  or  some  other  caustic 
alkali;  and  this  applies  to  the  permanent  hardness  which  is  converted  into 
carbonate  by  sodium  carbonate,  as  well  as  to  the  bicarbonate  reduced  to  carbonate 
by  lime.  Thus  each  equivalent  of  mapiesia  present  requires  an  additional 
equivalent  of  lime  beyond  that  required  bj'  the  corresponding  calcium  salt. 
Pfeifer  pves  a  formula  tor  this  purpose,  calculated  for  German  decrees  of 
bardnese,  which  are  reckoned  in  parts  [ler  100.000  of  CaO  instead  of  parts  of 
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CaCOj  as  U  customBrj  in  France  iiiid  Englaod.  I  have,  therefore,  taken  the 
liberty  of  trauapo«ing  it  into  terms  of  parts  ol  CaCOj  per  100.000.  H(  in  the 
formula  sie'uifieti  tempomry,  and  Hp  permanent  hardness,  and  Uin  hardnesa  due 
to  magnesia,  whether  temporary  or  pennaneat.  The  quantities  given  are  in 
m.gms.  per  liter,  gms.  per  cubio  niet«r,  or  lb.  per  100,000  gallons  of  the  water  to 
be  treated.  5-8  (n(  +  H»i)  =  lim6  (C»0)  required;  lO'B  Hp=dry  aodium 
carbonate; -or- 28-6  Hy— soda  crystals  (NajCO,,  10H,0).  If  only  terapomry 
hardnesa  is  to  be  softened  by  liming  only,  the  quantity  required  la  6'6 
(Hi  +  Hm  -  Kp)  if  Htn  is  larger  tlian  H;>,  but  if  not,  only  the  temporary  hard- 
ness need  be  taken  in  account.  Finally,  for  softening  with  sodium  hydroxide 
and  sodium  <srbonate  only,  nbich  is  ebroetimes  convenient  for  small  boiler 
instillations,  we  have  9  (H/  +  H>n)  =  NaOH  required;  10-6  Hp-{H/  +  Hm) 
=  NajCOi  required.  Consequently,  if  the  water  has  less  permanent  hardnesa 
than  the  sum  of  the  temporary  aod  magnesia  hardnesa,  it  cannot  be  softened 
completely  in  this  way  without  leaving  excess  of  sodium  carbonate  in  the  nater. 

Some  waters  contain  large  quantities  of  dissolved  free  carbon  dioxide  in 
addition  to  the  "halt-combined  present  as  temporary  hardness,  and  though 
this  is  not  included  in  any  hardnesa  determination,  it,  of  course,  combines  with 
and  renders  useless  an  equivalent  quantity  of  the  lime  added  for  softening,  and 
must,  therefore,  be  t&ken  into  account  in  reckoning  tlie  lime  required.  The 
free  CO^  is  easily  estimated  by  a  method  described  in  §  23  p.  99.  100  c.c.  of  the 
water  is  titrated  alowly  with  "/lo  solution  of  NajCO^  and  phenolphthalein, 
till  a  tinge  of  permanent  pink  ia  produced,  when  the  number  of  c.c.  used, 
multiplied  by  22.  will  give  the  parts  of  CO,  per  100,000,  or  with  mutliplica- 
tion  by  2'8  will  give  the  weight  oC  lime  required  to  remove  it.  Of  course,  such 
a  determination  ia  of  no  use  unless  there  is  some  security  that  the  sample  of 
water  itMy  represents  the  average,  and  has  not  lost  carbonic  acid  by  ex[H>sure. 
The  reaction  depends  on  the  fact  that  sodium  bicarbonate  ia  ueutral  to 
phenolphthalein,  while  the  normal  carbonate  is  alkaline.  It  must  be  remembered 
that  the  theoretical  quantiW  of  precipitants  does  not  alwajg  give  the  best 
jiractical  results,  owing  to  difficulties  of  settling  and  filtration,  and  in  some  cases 
It  is  neceasarj'  to  be  content  with  less  than  the  theoretical  softening  (see 
ArohbuttandDeeley,  J.  «.  C. /.,  1891.  511), 

THE   EXTEITSION   OF   THE    lODOUETRIC   STSTEU. 

Thia  has  been  alluded  to  in  g  38,  page  134"  but  the  following  ia 
a  paper  contributed  to  tbe  Jounial  of  thi'  Awpn'ran  Chemical  Soci^ij 
by  L.  W.  Andrews  (Vol.  -v.iv.  Xo.  7). 

Titrations  with  FotasHium  lodate. 

As  is  well  known,  when  potassium  iodide  is  titrated  with  chlorine  water  in 
a  neutral  solution,  the  reaction  which  takes  place  ia  expressed  by  the  equation — 

KI  +  3Cl,+3H,0-KCl  +  HIOj  +  5HCl  .  .  (1). 
On  the  other  liand,  it  may  not  be  so  well  known  tiiat  if  a  large  excess  of  free 
hydrochloric  acid  is  present  during  the  titration,  chloroform  or  carbon  tetra- 
chlpride  being  used  aa  before  tor  an  indicator,  the  reaction  will  be— 

KI  +  CL-KCI+ICl (2). 

Id  both  cases  the  end  of  the  reaction  is  shown  by  the  immiscible  solvent 
becoming  colourless.  If  instead  of  chlorine  water  we  titrate  with  a  solution  of 
potassium  iodate,  the  stage  at  which  the  reaction  stops  is  likewise  dei)endeut 
upon  the  coucentration  of  the  acid.  If  this  be  low,  the  reaction  goes  no  further 
than  to  set  the  iodine  free  in  accordance  with  the  equation — 

5KI  +  KIO,+  6HCI"8KCl  +  3Ii48HjO  .  .  (3), 
white  if  a  great  excess  of  hydrochloric  acid  ia  present  the  reaction  runs — 

2KI  +  KlOa  +  eHCl-3KCI  -i-  3ICI  *■  3H-0    ,    (*), 
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the  immiscible  wlTent  lem&ioing  violet  in  the  foniier  case  (No.  3),  but  in  tbe 
latter  becoming  coloiirleBs,  while  the  supernatom  solution  turn!  bright  yellow 
from  the  iodine  chloride.  The  prabsble  explanation  of  this  behiLviour  is  tbftt 
iodine  chloride,  es  the  Mlt  of  a  very  weak  base,  undergoes  hydroljsis  in  a.  neutnU 
or  (eebl.v  acid  solution,  vrith  the  production  of  the  correapouding  hj^roiide  and 
acid;  tlius — 

1C1  +  H,0  =  I0H  +  HC1 (6), 

the  iodou*  hydroxide  ("bypoiodous  acid"),  which  is  formed,  undergoiaK 
spontaneous  conversion  into  iodic  acid,  &c.,  whereas  the  hydrolysis  is  prevented 
by  a  great  excess  of  hydrochloric  acid. 

The  reaction  of  equation  (1)  was  used  long  ago  by  A.  and  F.  l>upr*  [Liebig't 
A»n.  Chim.,  1855,  iciv.  365)  (or  llie  titration  of  iodides.  In  order  to  compare 
the  reactions  of  the  first  two  equations,  6  c.c,  ot  a  decinormal  potassium  iodide 
solution  were  titrst«d  with  chlorine  water  in  presence  of  5  o.c.  of  chloroform. 
After  the  addition  of  T&'4  cc.  of  the  latter  ctie  chloroform  became  colourlan. 
The  titration  was  now  repeated  with  the  further  addition  of  respectively  15,  £0, 
and  30  c.c,  of  strongest  hydrochloric  acid,  and  the  amounts  of  chlorine  water 
required  were  25'4,  25  22,  and  25'25  c.c,  tbe  end-reaction  being  of  eitrsordinary 
sharpnesji.  Nearly  three  times  as  much  chlorine  waa  therefore  required  in  tlie 
absence  of  hydrochloric  acid  as  in  its  presence,  as  the  theory  demands.  Probably, 
if  the  small  unount  of  ncid  produced  by  the  reaction  itself  (Ei^uatiou  1)  had 
been  neutralized  by  the  addition  of  calcium  carbonate  the  theoretical  amount  of 
75  75  c.c.  of  chlorine  solution  would  have  been  required.  In  order  to  judge  the 
iuQuence  of  smaller  quantities  of  acid,  tlie  (itj^tion  tvas  repeated  with  addition 
of  1,  t.  5,  and  10  cc.  of  concentrated  hydrochloric  acid,  when  respectively  34'1, 
26*9,  26-0,  and  258 c.c,  of  chlorine  water  were re(|uired. 

Prom  these  preliminary  experiments,  it  appeared  that  the  hydrolysis  of  the 
iodine  chloride  might  be  wholly  inhibited  by  addition  of  a  sufficiency  of  acid, 
and  that  a  solution  of  potassium  iodat«  might  be  successfully  substituted  for  the 
chlorine  water,  thus  realizing  the  reaction  of  Equation  4,  97465  gm.  of  acid 
potassium  iodate  were  dissolved  in  water  and  made  iip  to  1  liter.  According  to 
the  theory,  each  c  c.  of  this  solution  should  be  equivalent  to  10'6  m,gm.  of 
Ijolassiuni  iodide.  To  10  cc.  of  a  solution  of  pure  potassium  iodide  (20'6  gm,  to 
the  liter).  5  c.c.  uf  chloroform,  20  c.c,  of  water,  and  80  c.c.  of  concentrated 
hydrochloric  acid  (sp.  gr.  121)  were  added,  and  the  mixture  was  titrated  in 
a,  glass-stoppered  bottle  of  250  c.c  capacity,  with  the  iodate  solution,  shaking 
bri.'ikly,  until  the  chloroform  lost  its  colour,  the  end-point  being  exceedingly 
sharp.  12*43  c.c  of  the  iodate  solution  were  required.  Hence,  020634  gm. 
potassium  iodide  was  found  against  0'20600  taken,  or  lOO'lT  per  cent.  '  la 
a  second  experiment.  15  cc.  of  the  iodide  solution,  titrated  in  the  same  n^y 
with  83  cc,  of  hydrochloric  acid  and  no  additional  water,  required  1862  cc  ot 
the  iodate  solution,  corresponding  to  0"30900  gm,  found,  a^inst  O'SOBOO  gm, 
taken,  or  lOO'OO  per  cent,  taken. 

The  process  as  described  can  be  applied  to  the  titration  of  chromates.  For 
this  pur])ose  the  chroinate  is  added  to  an  excess  of  a  titrated  potassium  iodide 
wilulion.  with  5  c.c  of  chloroform  and  sufficient  concentrated  hydrochloric  acid 
to  be  at  least  half  the  volume  of  the  entire  mixture  at  the  close  of  the  titration. 
The  titration  is  then  carried  out  precisely  na  described  above.  In  one  experi- 
ment of  this  sort,  36'3  -m.gm.  of  potassium  pyrochromate  were  taken,  and 
3tl'8  m.gm.  found. 

Tlie  following  experiment  shows  the  applicability  of  the  process  to  the  titration 
of  free  iodine :— 0'3447  gm.  of  pure  iodine  was  weighed  and  placed  in  the 
sto]>ppred  bottle  previously  used,  with  5  cc.  of  a  potassium  iodide  solution 
containing  20*6  ^\a.  per  liter ;  10  c.c.  of  fuming  hydrochloric  acid,  and  5  c.c  of 
chloroform  were  added,  and  the  titration  was  carried  out  in  the  usual  way. 
Required.  19'83  c.c  of  standard  iodate.  Since  6*20  c  c  are  required  for  tne 
ioilide,  13-&5  c.c.  remain  as  corresponding  to  the  free  iodine,  or  0*3467  gm.  iodine 
found;  100*46  per  cent. 

To  determine  whether  the  method  can  be  used  for  determination  of  ohlontes, 
and  under  wimt  conditions,  the  succeeding  exjicriments  were  tried.    Five  c.c.  of 
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a  solution  of  potassium  chlorate  coutaining  TO'3  m.gm.  of  the  pure  salt  was 
added  to  26  c.c  of  the  potassium  iodide  solution  meutioned  above,  aud  50  c.c.  of 
fuming  hydrochloric  acid.  After  standing  fifteen  minutes  in  the  stoppered 
bottle,  5  c.c.  of  chloroforni  were  added,  and  the  titration  completed.  ■  Required, 
13'65  c.c  of  the  iodale.  As  the  iodide  is  equivalent  to  31'0  c.c,  17'36  c.c. 
correspond  to  the  chlorate,  whence  70*9  m.gra.  of  potassium  chlorate  were  found. 
In  a  second  similar  eiperiment,  only  40  c.c.  of  hydrochloric  acid  were  used,  and 
the  mixture  was  titrated  at  once,  without  standing.  I[i  this  case  1398  c.c.  of 
iodate  were  required,  hence  6955  m.gm.  of  chlorate  were  found.  This  shows, 
as  was  expected,  that  the  chlorate  must  be  left  for  some  time  in  contact  with  the 
hydrochloric  acid  and  potassium  iodide  for  the  completion  of  the  reaction.  In 
a  third  experiment,  exactly  similar  to  the  1s«t  except  that  the  mixture  wis 
allowed  to  stand  twenty-four  hours  before  titration,  13*77  c.c.  of  iodat«  were 
required,  whence  70*41  m.gm.  of  chlorate  were  foimd.  It  is  therefore  a  matter 
of  indifference  whether  the  time  of  digestion  is  a  quarter  of  an  Irour  or  twenty- 
four  hours.  In  a  fourth  experiment,  5  c.c.  of  another  potassium  chlorate 
solution  containing  33*4A  m.gm.  of  the  pure  salt  was  allowed  to  stand  for  ten 
minutes  with  10  c.c.  of  Iodide  solution,  and  20  c.c.  of  fuming  hydrochloric  acid ; 
then  5  c.c.  of  chloroform  were  added,  and  Hie  titration  was  performed.  Required, 
4'£8  c.c.  of  iodate.  Calculated  for  the  iodide,  12*40  cc,  whence  3339  m.gm.  of 
chlorate  were  found.  Other  eiperimentii,  not  necessary  t«  detail,  show  that  there 
must  be  a  derided  excess  of  iodide  as  compared  with  the  chlorate ;  otherwise  the 
resulle  are  likely  to  be  a  little  too  low.  The  necessary  working  conditions  for 
the  titration  of  a  chlorate  can  be  prescribed  as  foUoivs : — 

To  the  whltion  of  the  chlorate,  add  an  exactly  known  amount  of  pure  potassium 
iodide  (a  titrated  solution  may  be  used),  in  a  glass -stoppered  bottle,  and  an 
amount  of  fuming,  pure  hydrochloric  acid  at  )ea.-<t  one-third  greater  than  the 
volume  of  the  solution.  Clo!«  the  bottle  tightly,  and  allow  it  to  stand  fifteen 
minutes  after  shaking,  th«)  add  5  c.c.  of  chloroform.  On  now  shaking,  the 
chloroform  must  become  deep  violet.  If  the  colour  is  inle,  an  insufficiency  of 
iodide  has  been  added,  uid  it  is  better  to  begin  again  rather  than  to  attempt  to 
bring  the  analysis  into  order.  Now  add  the  decinormal  iodate  with  intermittent 
violent  shaking  until  the  chloroform  becomes  oalourless,  which  point  can  be 
estimated  with  the  utmost  precisian.  Each  c.c.  of  a  decinormal  iodate  mlution  is 
equivalent  to  2-782  m.gm.  of  (ClOa). 

Solutions  of  arsenious  acid  or  chloride  can  be  titrated  in  the  same  way  a.i 
iodidee,  the  reaction  being  expressed  by  the  equation — 

2.1sCl,+ KIOj  +  5H30=2H3AsO.  +  KCU  ICl  4  4HC1. 

In  thia  cai«,  however,  unlike  the  other,  a  too  great  concentration  of  hydro- 
chloric ncid  must  be  avoided,  since  luder  those  conditions  the  end-t>oint  becomes 
obscure,  probably  a  phenomenon  connected  with  the  formation  and  dissociation 
of  arsenic  pentachloride.  The  suitable  concentration  of  the  acid  is  therefore  con- 
fined within  somewhat  narrow  limits,  but  not  so  narrow  as  to  cause  any  practical 
difficulty  in  working.  It  was  found  that  30  per  cent,  of  hydrochloric  acid, 
calculated  on  the  weight  of  the  entire  liquid  at  the  close  of  the  titration,  exceeds 
the  permissible  maximum  limit,  while  25  per  cent,  does  not.  On  the  other  hand 
the  minimum  limit  is  in  the  neighbourhood  of  12  to  15  per  cent,  of  acid.  For 
the  experiments  noted  below,  a  solution  of  sodium  arsenite  iras  employed  in 
which  the  amount  of  arsenious  oxide  had  been  determined  by  titration  with 
iodine  solution  in  the  ordinary  (ray.  Taken,  25  c.c.  arsenious  solution 
(243*8 m.gm.  AsjOj)  and  50 cc.  of  fuming  hydrochloric  acid ;  required,  2445  c.c. 
decinormal  =  342'l  m.gm.  of  arsenious  o.iide.  Taken,  5  c.c.  arsenious  solution, 
5  c.c.  hydrochloric  acid,  and  10  c.c.  water;  required,  491  c.c.  of  iodate  =  48C 
m.gm.;  found,  48*8  m.gm.  bv  iodine  titration.  Taken,  20  c.c.  arsenious 
solution  and  40  c.c.  hydrochloric  acid;  required,  10'69  c.c.  iodite  — 194'9  m.gm. 
arsenious  oxide  ;  found,  194*7  m.gra.  by  iodine  titration.  Taken,  15  c.c. 
arsenious  solution  and  30  c.c.  hj*drochlori"c  ncid;  required,  1479  c.c.  iodate  = 
146'4  m.gm.  arsenious  oxide ;  found.  liB'S  m.i;m.  by  iodine  titration. 

To  summarize,  add  to  the  arsenious  solution  an  amount  of  fuming  hydro- 
chloric acid  sufficient  to  make  the  hydrochloric  acid  eqiml  to  aliout  20  per  cent. 
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of  the  entire  mixture  at  the  ecd  of  the  litistion,  and  6  c.c,  of  chloroform ;  then 
run  in  from  a  burette  as  Urge  a  proportion  aa  cui  be  judged  of  the  whole 
amonnt  of  decinormal  iodate  requisite,  abkke  irell,  and  continue  tltntiiw  with 
the  iodate  until  the  chloroferm  is  colourlew.  £ach  c.c.  of  the  standard  tolutiDa 
correBponds  to  9'9  m.gm.  arsenioue  acid  or  T'6  m.i^.  anienic. 

The  determination  of  antimon;  is  precisely  like  that  of  arBeuio.  A  solntion 
was  prepared  of  pure  re-cr;Bt«lliied  antimonyl  tartrate,  oontAining  31'2S1  gm. 
per  liter.  Twentj-five  c.c.  of  this  were  mixed  with  30  c.c.  hydrochloric  acid  and 
20  c.c.  water,  and  titrated  as  usual.  23'62  c.c.  of  the  iodate  were  required, 
equivalent  to  THl'6  m.gin.  taHar  emetic  found  u  ^inst  7H1'3  m.gm.  taken. 
In  this  determination  the  amount  of  hydrochloric  acid  should  have  been  greater 
by  16  c.c.  In  the  next  experiment,  25  c.c.  of  the  autimoniou)  solution  with 
25  c.c.  of  hydrochloric  acid  required  23'50  c.c.  of  iodate,  equivalent  to  780-6 
m.gm.  of  antimony  salt  found  (781'3  taken).  Twenty-flve  c.o.  antimony 
wlulion  with  35  c.c.  fuming  hydrochloric  acid  required  2S'54  c.c.  of  iodate, 
whence  is  calculated  7B1-2  m.gm.  potassium  anlimonjl  tartrate. 

Since  copper  does  not  interfere  in  the  least  with  the  amplication  of  the  method, 
it  is  ponible,  for  example,  to  titrate  the  arwnic  in  Fans  green  directly  without 
preliminary  separation.  Thus,  20  c.c.  of  a  sodium  srsenit«  aolution  with  20  c.c. 
of  fuming  hydrochloric  acid  required  6-96  c.c.  of  iodate,  the  same,  plus  1  gm.  of 
copper  sulpliate,  required  90O  c.c.  of  iodate.  For  the  analysis  of  Paris  green, 
O'G  gm,  of  the  substance  is  dissolved  in  16  e.c.  of  water  and  25  c.c.  of  fuming 
hydrDcblorio  acid,  and  directly  titrated  with  G  c.o.  of  chloroform  and  the 
decinormal  solution  of  iodate. 

Ferrous  salts  can  be  titrated  in  eiacljy  the  same  way  as  iodides.  'bkeD, 
2'08;4  gm.  ammonium  ferrous  sulphate ;  required,  26*06  c.c  iodat«,  equivalent 
to  297'6  m.gm.  iron  found,  or  liia  per  cent. ;  theory,  14-25  per  cent.  Unlike 
the  titration  with  potassium  permanganate,  oxalic  acid  does  not  interfere  with 
this  determination.  T^ken,  2'0&13  gm.  ammonium  ferrous  sulphate  and  1  gm. 
oxalic  acid  ;  required,  25-95  c.c.  iodate,  equivalent  to  2963  m.gm.  iron,  or 
14.-22  per  cent.  Ferric  salts  do  not  interfere  with  any  of  these  titrations,  nor  do 
bromides  to  any  serious  extent,  if  the  amount  is  small.  The  end-reaction  in  the 
titration  of  ferrous  salts  is  somemliat  slow,  and,  in  spit*  of  the  satisfactory 
resulta  of  the  test  analyses,  is  lacking  in  the  sharpness  that  distinguishes  the 
other  titrations  described  in  this  paper.  This  difficulty  appears  to  be  avoided  by 
the  addition  of  a  small  amount  of  manganous  chloride,  but  the  point  requires 
further  examination. 

The  method  which  has  been  described  is  adapted  to  the  determination  of  almost 
all  the  substances  to  which  Bunnell's  process  of  distillation  with  potassium 
iodide  and  hydrochloric  acid  is  applicable,  with  at  least  equal  precision,  with  less 
expenditure  of  time  and  far  simpler  apparatus.  It  is  furthermore  applicable  in 
certain  cases  in  which  the  Bunsen  method  is  not,  as.  for  eiample,  the  titration 
of  arsenic  or  antimony  in  the  presence  of  copper  and  ferric  compounds. 
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Description  of  the  necesssry  Apparatus,  with  InatruotioDB 
for  Preparing,  Etching.  Qraduating,  etc. 

§  102.  This  branch  of  chemical  aualysis,  on  aceouiit  of  its  extreme 
accuracy,  and  in  consequence  of  the  possibility  ot  its  application  to  the 
analysis  of  carbonates,  and  of  many  other  bodies  from  which  gases  may 
be  obtained,  deserves  more  attention  than  it  lias  generally  received,  in 
this  country  at  least.  It  will  therefore  be  advisable  to  devote  some 
considerable  space  to  the  consideration  of  the  subject. 

For  an  historical  sketch  of  the  progress  of  gas  analysis,  the  reader 
is  referred  to  Br.  Frank  lamp's  avtiule  in  the  Handiriiiierhuch 
/--,  (ier  Chemie,  and  more  complete  details  of  the  process  than  it 
will  be  necessary  to  give  here  will  be  found  in  that  article; 
also  in  Bunsen's  Gatometry  and  in  Dr.  Russell's  con- 
tributions to  Watt's  Chemiral  Didionary. 

The  apparatus  employed  by  Bunsen,  who  was  tlie  first 
successfully  to  work  out  the  processes  of  gas  analysis,  is  very 
simple.     Two  tubes,  the  absorption  tube  and  the  eudiometer, 
are  used,  in  which  the  measurement  and  analysis  of  the  gases 
t  performed.      The  first  of  these  tubes  is  about  250  m.m. 
■v    long  and  20  m.m,  in  diameter,  closed  at  one  end,  and  with 
""    a  lip  at  one  side  of  the  open   extremity,   to  facilitate  the 
transference  of  the  gas  from  the  absorption  tube  (fig.  70)  to 
the  eudiometer  (fig.  71).      The  eudiometer  has  a  length  of 
from  500  to  800  m.m.,  and  a  diameter  of  20  m.m.     Into  the 
closed  end  two  platinum  wires  are  sealed,  so  as  to  enable  the 
operator  to  pass  an  electric  spark  through  any  gas  which  the 
^     tube  may  contain.      The  mode  of   sealing  in  the  platinum 
-H    wires  is  as  follows  :^\Mien  the  end  of  the  tube  is  closed,  and 
JJ^    while  still  hot,  a  finely  ]iointed  blowpipe  flame  is  directed 
against  the  side  of  the  tube  at  the  base  of  the  hemispherical 
Fig.  70,  eiid,     When  the  glass  is  soft,  a  piece  of  white-hot  platinum 
wire  is  pressed  against  it  and  rapidly  drawn  away.     By  this 
means  a  small  conical  tube  is  produced.      This  operation  is  then 
repeated  on  the  opposite  side  (fig,  72).     One  of  the  conical  tubes  is 
next  cut  ofi*  near  to  the  eudiometer,  so  as  to  leave  a  small  orifice 
(fig.  73),  through  which  a  piece  of  the  moderately  thin  platinum  wire, 
reaching  about  two  thirds  across  the  tube,  is  passeti.     The  fine  blow- 
pipe flame  is  now  brought  to  play  on  the  wire  at  the  point  where  it 
enters  the   tube ;  tlie  glass  rapidly   fuses  round  the  wire,  making 
a  perfectly  gas-tight  joint.     If  it  should  be  observed  that  the  tube 
has  any  tendency  to  collapse  during  the  heating,  it  will  be  necessary 
to  blow  gently  into  the  open  end  of  the  tube.      This  may  be  con- 
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veniently  Jone  liy  means  of  a  long  piete  of  caoutchouc  conneclor, 
attached  to  the  budioiueter,  which  enables  the  operator  to  watcli  the 
effect  of  the  blowing  more  easily  than  if  the  mouth  were  applied  directly 
to  the  tul>e.  When  a  jierfect  fusion  of  the  glass  round  the  wire  haa  been 
effected,  the  point  on  the  op[Ki3ite  side  is  cut  ofT,  and  a  second 
wire  sealed  in  in  the  same  manner  (fig.  74).  The  end  of  t\w 
tube  must  lie  alloM-ed  to  cool  very  slowly ;  if  proper  attention 
is  not  paid  to  this,  fracture  is  very  liable  to  ensue.  ^A'hen 
perfectly  cold,  a  piece  of  wood  with  a  rounded  end  is  passed 
up  the  eudiometer,  and  the  two  wires  carefully  pressed  against 
the  end  of  the  tube, 'so  as  to  lie  in  contact  with  the  glass,  with 
a  Bjiace  of  1  or  2  ni.m.  between  their  points  (fig.  75).  It  is  for 
this  puqiose  tliat  the  wires,  when  sealed  in,  are  made  to  reach 
so  far  across  the  tulie.  The  ends  of  the  wires  projecting 
outside  the  tube  are  then  1)cnt  into  loojis.  These  loops  must 
be  carefully  treated,  for  if  fre<pieiitly  bent  they  are  very  apt 
to  break  off  close  to  the  glass ;  besides  this,  the  bending  of 
the  wire  sometimes  causes  a  mimile  crack  in  the  glass,  which 
may  spread  and  endanger  the  safety  of  the  tube.  These 
difficulties  may  be  overcome  by  cutting  off  the  wire  close  to 
the  glass,  and  carefully  smoothing  the  ends  by  rubbing  them 
with  a  piece  of  ground  glass  until  they  are  level  with  the 
surface  of  the  tube  (fig.  76),  In  order  to  uiake  contact  with 
the  induction  coil,  a  wooden  American  paper-clip,  lined  with 
l»Iatinum  foil,  is  made  to  grasp  the  tube ;  the  foil  is  connected 
with  two  strong  looi>s  of  platinum  wires,  and  to  these  tlic 
wires  from  the  coil  are  attached  (fig.  77).  In  this  way  no 
strain  is  }mt  on  the  eudiometer  wires  by  the  weight  of  tlie 
wire-s  from  tha  coil,  and  perfect  conKict  is  ensured  between  the 
foil  and  platinum  wires.  It  is  also  easy  to  clean  the  outside 
of  the  eudiometer  without  fear  of  injuring  the  instrument. 

It  will  now  he  necessary  to  examine  if  the  glass  is  jierfectly 
fused  to  the  wires.     For  this,  puqxwethe  eudiometer  is  filled 
with  mereury,  and  inverted  in  the  trough.     If  the  tube  lias 
800  m.iii.  divisions,  a  vacuous  8[ace  will  be  formed  in  the 
upper  end.      Note  the  height  of  the   mercury,  and  if  this 
remains  constant  for  a  while  the  wires   are  properly  sealed. 
Should  the  eadiomcter  be  short,  hold  it  in  the  hands,  and 
bring  it  down  with  a  quick  movement  upon  the  edge  of  the 
india-rublier  cushion  at  the  bottom  of  the  trough,  taking  care   . 
that  the  foi-cc  of  imjiact  is  slight,  else  the  mercury  may  fracture 
the  sealed  end  of  the  tube,     liy  jerking  the  eudiometer  thus, 
a  momentary  vacuum  is  formed,  and  if  there  is  any  leakage,  _.     _. 
small  bubbles  of  air  will  arise  from  the  junction  of  the  wires     ^' 
with  the  glass. 

Tlie  tubes  are  graduated  by  the  following  processes  ;~A  cork  is  fitted 
into  the  end  of  the  tulw,  and  a  ]uece  of  stick,  a  file-,  or  anything  that 
will  make  a  conveniciit  handle,  is  thrust  into  the  cork.  The  tube  is 
heated  ovit  a  charcnai  fire  or  combustion  furnace,  and  coated  with 
melted  wax  by  means  of   a  camel's-hair  brusli.      .Sometimes  a  few 
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drops  of  turpentine  are  mixed  with  the  wax  to  render  it  less  brittle, 
but  this  is  not  always  necessary.  If  on  cooling  it  should  be  found 
that  the  layer  of  wax  is  not  uniform,  the  tube  may  be  placed  in 
a  perpendicular  position  before  a  fire  and  slowly  rotated  80  as  to  heat 
it  evenly.  The  wax  will  then  be  evenly  distributed  on  the  surface 
of  the  glass,  tlie  excess  flowing  off.  The  tube  must  not  be  raiwd  tn 
Pig,  72.  Fig-  73- 


rig.  76.  Fig.  77. 

too  high  a  temperature,  or  the  wax  may  become  too  thin ;  but  aU  thick 
masses  should  be  avoided,  as  they  may  prove  troublesome  in  the 
subsequent  operation. 

The  best  and  most  accurate  mode  of  marking  the  millimeter 
divisions  on  the  wax  is  by  a  graduating  machine  ;  but  the  more  usual 
process  is  to  copy  the  graduations  from  another  tube  in  the  following 
manner.  A  hard  glass  tube,  on  whic}i  millimeter  divisions  have 
already  been  deeply  etcheil,  ia  fixed  in  a  groove  in  the  graduating 
table,  a  straight-edge  of  brass  being  screwed  down  on  the  tube  and 
covering  the  ends  of  the  lines.  The  standard  tube  is  shown  in  the 
figure  at  the  right-hand  end  of  the  apparatus  (fig.  78).     The  waxed 
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tube  is  secured  at  the  other  end  of  the  same  groove,  and  above  it  are 
fixed  two  brass  plates,  ono  with  a  straight-edge,  and  the  other  with 
not^'hes  at  intervala  of  5  si.ni. 
the  alternate  notches  being  lonfrer 
than  the  intermediate  ones  (lig. 
79).  A  stout  rod  of  wood  pro- 
vided with  a  Bhaq>  stcd  point 
near  one  end,  and  a  penknife 
blade  at  tlie  other  (fig.  80),  is 
held  so  tliat  the  steel  point  rests 
in  one  of  the  divisions  of  the 
graduated  tube,  being  gently 
pressed  at  the  same  time  against 
the  edge  of  tlie  brass  plate ;  the 
point  of  the  knife-blade  is  then 
moved  by  the  operator's  right 
hand  across  the  portion  of  the 
waxed  tube  which  lies  exposed 
between  the  two  brass  plates. 
When  the  line  has  been  scratched 
on  the  wax,  the  point  is  moved 
along  the  tube  until  it  falls  into 
the  next  division  ;  another  line  is 
now  scratched  on  the  wax,  and  ^ 
80  on.  At  every  fifth  division  *^ 
the  knife-blade  will  enter  the  ^ 
notches  in  the  brass  plate,  making 
a  longer  line  on  the  tube.  After 
a  little  practice  it  will  be  found 
easy  to  do  fifty  or  sixty  divisions 
in  a  minute,  and  with  perfect 
r^ulnrity,  Before  the  tube  is 
removed  from  the  apparatus,  it 
must  be  carefully  examined  to 
see  if  any  mistake  has  been  made. 
It  may  have  liapjiened  that  during 
the  graduation  the  steel  point 
slipped  out  of  one  of  the  divisions 
in  the  standard  tube ;  if  this  has 
taken  place,  it  will  be  found  tliat 
the  distance  between  the  line 
made  at  that  time  and  those  on 
each  side  of  it  will  not  be  equal, 
or  a  crooked  or  double  line  may 
have  been  produced.  This  is 
easily    obliterated    by    touching  IT* 

the  wax  with  a  j)iece  of  heated 

Elatinum  wire,  after  which  another 
ne  is  marked.     Tlie  tube  is  now  taken  out  of  the  table,  and  once 
more  examined.     If  any  jtortions  of  wax  liave  been  scraped  off  by 
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the  edges  of  the  apparatus,  or  by  the  ecrewe,  the  coating  must  be 
repaired  with  the  hot  platinum  wire.  Numbers  have  next  to  be 
marked  opposite  each  tenth  division,  beginning  from  the  closed  end 
of  tlie  tube,  the  fiist  division,  which  should  be  about  10  ni.m 
from  the  end,  being  marked  10  (see  fig.  75).     The  figures  may  be 


Fig.  81. 

well  made  with  a  steel  pen.     This  has  the  advantage  of  producing 
a  double  line  when  the  nib  is  pressed  against  the  tube  i 
a  down-stroke.     The  date,  the  name  of  the  maker  of  the  tube,  o 
number,  may  now  be  written  on  the  tube. 

The  etching  by  gaseous  hydrofluoric  acid  is  performed  by  supporting 
the  tube  by  two  pieces  of  wire  over  a  long  narrow  leaden  trough  con- 
taining sulphuric  acid  and  powdered  fluor-spar  (fig.  81),  and  the  whole 
covered  with  a  cloth  or  sheet  of  paper.     Of  course  it  is  neceseary  to 


Kg.  83. 
.    the  end  of  the   tube  to   prevent   the   access   of 


Pig.  ( 
leave  the  cork    i 

hydrofluoric  acid  to  the  interior,  which  might  cause  the  tube  to  1 
its  transparency  to  a  considerable  extent.  The  time  required  for  the 
action  of  the  gas  varies  with  the  kind  of  glass  employed.  Witli 
ordinary  flint  glass  from  ten  minutes  to  half  an  hour  is  quite  sufGcient ; 
if  the  leaden  trough  is  heated,  the  action  may  take  place  even  atiH 
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more  rapidly.  The  tube  is  removed  from  time  to  time,  and  a  email 
portion  of  Uie  wax  scraped  off  from  a  part  of  one  of  the  lines ;  and  if 
the  division  can  be  felt  with  the  finger-nail  or  the  point  of  a  knife, 
the  operation  is  linished ;  if  not,  the  wax  must  be  replaced,  and  the 
tube  restored  to  the  trough.  When  aufBciently  etched,  the  tube  ia 
washed  with  water,  heated  before  a  fire,  and  the  wax  wiped  off  with 
a  warm  cloth. 

The  etching  may  also  be  effected  with  liquid  hydrofluoric  acid,  by 
applying  it  to  the  divisions  on  the  waxed  tube  with  a  brush,  or  by 
placing  the  eudiometer  in  a  gutta-percha  tube  closed  at  one  end,  and 
containing  some  of  the  liquid. 

As  all  glass  tubes  are  liable  to  certain  irregularities  of  diameter,  it 
follows  that  equal  lengths  of  a  graduated  glass  tube  will  not  contain 
exactly  equal  volumes ;  hence  it  is,  of  course,  impossible  to  obtain  by 
measurement  of  length  the  capacity  of  the  closed  end  of  the  tube. 

In  order  to  provide  for  this,  the  tube  must  be  carefully  calibrated. 
For  this  purpose  it  is  supported  vertically  (fig.  82),  and  successive 
quantities  of  mercury  poured  in  from  a  measure.  This  measure 
should  contain  about  as  much  mercuty  as  ten  or  twenty  divisions  of 
the  eudiometer,  and  is  made  of  a  piece  of  thick  glass  tube,  closed  at 
one  end,  and  with  the  edges  of  the  open  end  ground  perfectly  flat. 
The  tube  is  fixed  into  a  piece  of  wood  in  order  to  avoid  heating  its 
contents  during  the  manipulation.  The  measure  may  he  filled  with 
mercury  from  a  vessel  closed  with  a  stop-(!ock  terminating  in  a  narrow 
vertical  tube,  which  is  passed  to  the  bottom  of  the  measure  (fig.  83). 
On  carefully  opening  the  stop-cock  the  mercury  flows  into  the  measure 
without  leaving  any  air-bubbles  adhering  to  the  sides.  A  glass  plate 
is  now  pressed  on  the  ground  edges  of  the  tube,  which  expels  the 
excess  of  mercury  and  leaves  the  measure  entirely  filled.  The  mercury 
may  be  introduced  into  the  measure  in  a  manner  which  is  simpler  and 
OS  effectual,  though  perhaps  not  quite  so  convenient,  by  first  closing  it 
with  a  glass  plate,  and  depressing  it  in  the  mercurial  trough,  removing 
the  plate  from  the  tube,  and  again  replacing  it  before  raising  the 
measure  above  the  surface  of  the  mercury.  After  pouring  each 
measured  quantity  of  mercury  into  the  eudiometer,  the  air-bubblea  are 
carefully  detached  from  the  sides  by  means  of  a  tliin  wooden  rod  or 
piece  of  whalebone,  and  the  level  of  the  mercury  at  the  highest  part 
of  the  curved  surface  observed. 

In  all  measurements  in  "gas  analysis  it  is,  of  course,  essential  that 
the  eye  should  be  exactly  on  a  level  with  the  surface  of  the  mercury, 
for  the  parallax  ensuing  if  this  were  not  the  case  would  produce  grave 
errors  in  the  readings.  The  placing  of  the  eye  in  the  proper  position 
may  be  ensured  in  two  ways.  A  small  piece  of  looking-glass  (the 
buck  of  which  is  painted,  or  covered  with  paper  to  jirevent  the 
accidental  soiling  of  the  mereury  in  the  treugh)  is  placed  behind,  and 
in  contact  with  the  eudiometer.  The  head  is  now  placed  in  such 
a  jiosition  that  the  reflection  of  the  pupil  of  the  eye  is  precisely 
on  a  level  with  the  surface  of  the  mercury  in  the  tube  and  the 
measurement  made.  As  this  process  necessitates  the  hand  of  the 
operator  being  placed  near  the  eudiometer,  which  might  cause  the 
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M'anning  of  the  tube,  it  is  preferable  to  ren<t  off  with  a  telescope 
jilaced   at  a   distance   of   from    two    to   six    feet    from    the    eudio- 
meter.    The  telescope  is  fixed  on  a  stand  in  a  horizontal  jwsition, 
and  the  support  is   made  to  slide  on  a  vertical  rod.    The  image 
of     the     surface     of     the 
mercury  is  brought  to  the 
centre  of  the  field  of  the 
telescope,  indicated  by  the 
cross  wires  in  the  eyepiece, 
and     the     reading    taken. 
The     telescope     has      the 
advantage     of    magnifying 
the   graduations,   and  thus 
facilitating   the    estimation 
by  the  eye  of  tenths  of  the 
divisions.     Fig.    84    repre- 
sents    the    appearance    of 
the    tube   and    mercury  as 
seen  by  an  inverting  tele- 
scope. 

By     tliis     method     the 
capacity    of    the    tube    at  Fir.  M. 

different  jwrts  of  itslengtli 

is  determined.  If  the  tube  were  of  uniform  Ixire,  each  measure  of 
mercury  would  occupy  the  same  length  in  the  tube ;  but  as  this  is 
never  the  case,  the  value  of  the  divisions  at  all  [larta  of  the  tube  will 
not  be  found  to  be  the  same. 

From  the  data  obtained  by  measuring  the  si>ace  in  the  tube  which 
is  occupied  by  equal  volumes  of  mercury,  a  table  is  constructed  by 
which  the  comparative  values  of  each  millimeter  of  the  tulje  can  Iw 
found.  The  following  results  were  obtained  in  the  calibration  of 
a  short  absorption  eudiometer  ; 


Thns,  the  nandBrd  t< 


e  of  mercury  to  contain  5'8  volumes  (the 
greatest  difference  between  two  consecutive  readings  on  the  lube),  the 
volume  at  the  six  jwints  above  given  will  be  as  follows  : — 


At  12-8  it  w 

11  be  17-4 

18-4 

23-2 

24-0 

29  0 

29-8 

34-8 

35-2 

40-6 

410 

46  4 

ib,GoogIe 
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Between  the  first  and  second  readings  these  5-8  volumes  are  con- 
tained in  &'6  divisions,  consequently  each  millimeter  corresponds  to 

—-  =  1-0357  vol.     This  is  also  the  value  of  the  diviaiona  between  the 

5-6 

second  and  third  readings.     Between  the  thinl  and  fourth  1  m.ni. 

contains    1    vol. ;  between   the   fourth   and   fifth,    1   ra.m.  contains 


r0741  vol. ;  and  between  the  fifth  and  sixth  n 


=1  vol. 


6;8 

From  tliese  data  the  value  of  each  millimeter  on  the  tube  can 
readily  be  calculated.  Thus  13  will  contain  the  value  of  12-8  +  the 
value  of  0-2  of  a  division  at  this  part  of  the  tube,  or  17-4 +  (1-0357  x 
0'2)=  17-60714.  There  is,  however,  no  need  to  go  beyond  the  second 
place  of  decimals,  and,  for  all  practical  purposes,  the  first  place  ia 
sufficient.  Thus,  by  adding  or  subtracting  the  necessary  volumes 
from  the  experimental  numbers,  we  find  the  values  of  the  divisions 
nearest  to  the  six  points  at  which  the  readings  were  taken  to  be — 
=  17  61  0 


18  = 

24  = 


2-79  „  22-8 
9-00  ,, 


30  =  3500  „  35-0 
35  =  40-38  „  40-4 
41  =  46  40  „  46-4 
precisely  sinttlar   manner   the   values  of    the  intermediate 
s  arc  calculated,  and  we  thus  obtain  the  following  table : — 


4 

1 

V.hie». 

in 

14-50 

H-5 

11 

1554 

15-5 

]?. 

16-57  , 

16-6 

13 

17-61  1 

17-6 

14 

18-65  1 

186 

IT) 

19-68 

19-7 

IK 

20-71 

20-7 

17 

21-75  1 

2r8 

IH 

22-79 

22-8 

19 

23-82 

23-8 

20 

■"-"' 

24-9 

115-89 

25-9    |. 

26-93 

26-9 

27-96 

28-0    , 

29-00 

29-0    , 

30-00 

30-0 

31-00 

31-0    ! 

32-00 

32-0    ' 

33-00 

33-0 

34-00 

34-0 

35-00 

350 

36-07 

36-1 

1 

™„. 

32      3715 

37  1 

sa 

38-22 

38-2 

u 

39-30 

39-3 

15 

40-38 

40-4 

S6 

41-40 

41-4 

37 

42-40 

42-4 

38      43-40 

43-4 

39      44-40 

44-4 

40      45-40 

45-4 

41  1  46-40 

46-4 

kc. 

&c. 

Ac. 

If  it  be  desired  to  obtain  the  capacity  of  the  tube  in  cubic  centi- 
meters it  is  only  necessary  to  determine  the  weight  of  the  quantity 
of  mercury  the  measure  delivers,  and  the  temperature  at  which  the 
calibration  was  made,  and  to  calculate  the  contents  by  the  following 
formula : — 


C- 


gx(l+0-00O1815O 
l:i-ii9oV 


i  by  Google 
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-m 
in  Tvliich  g  repreaenta  the  weight  of  the  mercury  contained  in  the 
meaaure,  t  the  temperature  at  whiclk  the  calibration  is  made,  0'0001815 
being  the  coefficient  of  expansion  of  mercury  for  each  d^ree 
centigrade,  V  the  volume  r^  off  in  the  eudiometer,  and  C  the 
number  of  cubic  centimeters  required. 

A  correction  has  to  be  made  to  every  number  in  the  table  on 
account  of  the  surface  of  the  mercury  assuming  a  convex  form  in  the 
tube.  During  the  calibration,  the  convexity  of  the  mercury  is  turned 
towards  the  open  end  of  the  tube  (tig.  85),  whilst  in  the  measure- 
ment of  a  gas  the  convexity  will  be  in  the  opposite  direction  (fig.  86). 
It  is  obvious  that  the  quantity  of  mercury  measured  during  the 
calibration,  while  the  eudiometer  is  inverted,  will  be  less  than 
a  volume  of  gas  contained  in  the  tube  when  the  mercury  stands  at 
the  same  division,  while  the  eudiometer  is  erect.  The  necessary 
amount  of  correction  is  determined  by  observing  the  position  of 
the  top  of  the  meniscus,  and  then  introducing  a  few  drops  of 
a  solution  of  corrosive  sublimate,  which  will  immediately  cause  the 
surface  of  the  mercury  to  become  horizontal  (fig.  87),  and  again 
measuring. 

It  will  be  observed  that  in  flg.  85  the  top  of  the  meniscus  was 
at  the  division  39,  whereas  in  fig.  SI,  after  the  addition  of  corrosive 
sublimate,  the  horizontal  surface  of  tlie  mercury  stands  at  387, 
giving  a  depression  of  0-3  m.m.  If  the  tube  were  now  placed 
erect,  and  gas  intrculuced  so  that  the  top  of  the  meniscus  was  at  39, 


'  Fig.  85.  -Fig.  86,  ,         Fig.  87. 

•  In  tbete  the  merciurj  thonld  ]n»t  loucb  39, 

and  if  it  were  now  possible  to  overcome  the  capillarity,  the  horizontal 
surface  would  stand  at  39'3.  The  small  cylinder  of  gas  between 
36-7  and  39-3,  or  0-6  division,  would  thus  escape  measurement. 
This  number  0'6  is  therefore  called  the  ei-ror  of  nieniseu%  and  must 
he  added  to  all  readings  of  gas  in  the  eudiometer.  The  difference, 
therefore,  between  the  two  readings  is  multiplied  by  two,  and  tho 
volume  represented  by  the  product  obtained — the  error  of  meniscus 
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— ia  added  to  the  measurements  before  finding  tlie  corresponding 
capacities  by  the  table.  In  the  case  of  the  tube,  of  which  the 
calibration  is  given  above,  the  difference  between  the  two  readings 
was  0"4  m.m.,  making  the  error  of  meniscus  0'8. 

All  experiments  on    gas    analysis,  with    the    apparatus  describod, 
should  be  conducted  in  a  room  set  apart  ^-^ 

for  the  purpose,  with  thf  window  facing 
the  north,  so  that  the  sun's  rays  cannot 
penetrate  into  it,  and  carefully  protected 
from  flues  or  any  source  of  heat  which 
might  cause  a  change  of  tern  pern  tore  of 
the  atmosphere.  The  mercury  employed 
should  be  purified,  as  far  &s  possible, 
from  lead  and  tin,  which  may  be  done 
by  leaving  it  in  contact  with  dilute  nitric 
acid  in  a  shallow  vessel  fur  some  time, 
or  by  keeping  it  when  out  of  use  under 
concentrated  sulphuric  acid,  to  which 
some  niercurous  sulphate  has  been 
adde<l.  This  mercury  reservoir  may 
conveniently  be  made  of  a  glass  globe 
with  a  neck  at  the  top  and  a  stop-cock 
at  the  bottom  (fig.  88),  and  which  is 
not  filled  more  than  one-)ialf,  so  as  to 
maintain  as  large  a  surface  as  possible 
in  contact  with  the  sulphuric  acid.  Any 
foreign  metala  (with  the  e.xception  of 
silver,  gold,  and  platinum)  which  may 
be  present  are  removed  by  the 
mercurous  sulpliate,  an  equivalent 
quantity  of  mercury  being  precipitated. 
This  process,  which  was  originated  by 
M.  Deville,  has  been  in  use  for  many 
years  with  very  satisfactory  results,  the 
mercury  being  always  clean  and  drj' 
when  drawn  from  the  stop-cock  at  the 
bottom  of  the  globe.  The  mouth  of 
the  globe  should  be  kept  closed  to 
prevent  the  absorption  of  water  by  the 
sulphuric  acid. 

In  all  cases,  where  practicable,  gases 
should  be  measured  when   completely  ^'E-  ^^■ 

saturated    with    aqueous    vapour :    to 

ensure  this,  the  top  of  the  eudiometer  and  absorption  tubes  should  be 
moistened  before  tlie  introduction  of  the  mercury.  This  may  be  done 
by  dipping  the  end  of  a  piece  of  iron  wire  into  water,  and  touching 
the  interior  of  the  closed  extremity  of  tlie  tube  with  the  point 
of  the  wire. 

In  filling  the  eudiometer,  the  greatest  care  must  of  course  be  taken 
to  exclude  all  air-bubbles  from  the  tubes.      This  may  I       ~       ■■  ■ 


.OO^^IC 


ANALYSIS  OF  GASES. 


521 


§  102. 

sevenl  ways ;  the  eudiometer  uay  be  held  in  an  inverted  or  inclined 
position,  and  the  mercury  introduced  through  a  narrow  glass  tube 
which  passea  to  the  end  of  the  eudiometer  and  communicates,  with 
the  intervention  of  a  stop-cock,  with  a  reservoir  of  mercury  (fig.  89). 
On  carefully  opening  the  stop-cock,  the  mercury  slowly  flows  into  the 
eudiometer,  entirely  displacing  the  air.  The  same  result  may  be 
obtained  by  placing  the  eudiometer  nearly  in  a  horizontal  position, 
and  carefully  introducing  the  mercury  from  a  test  tube  without  a  rim 
(fig.  88).  Any  minute  bubbles  adhering  to  the  side  may  fjenerally  be 
removed  by  closing  the  mouth  of  the  tube  with  the  thumb,  and 
allowing  a  small  air  bubble  to  rise  in  the  tube,  and  thus  to  wash  it 
out.  After  filling  the  eudiometer  entirely  with  mercurj-,  and  inverting 
it  over  the  trough,  it  will  generally  be  found  that  the  air-bubbles  have 
been  removed. 

For  the  introduction  of  the  gases,  the  eudiomet«r  should  be  placed 
in  a  slightly  inclined  position,  being  held  by  a  support  attached  to  the 


Fig.  89. 
mercurial  trough  (fig.  91),  and  the  gas  transferred  from  the  tube  in 
which  it  has  been  collected.  The  eudiometer  is  now  put  in  an 
absolutely  vertical  position,  determined  by  a  plumb-line  jilaced  near  it, 
and  a  thermometer  suspended  in  close  proximity.  It  must  then  be 
left  for  at  least  half  an  hour,  no  one  being  allowed  to  enter  the  room 
in  the  meantime.  After  the  expiration  of  this  period,  the  operator 
enters  the  room,  and,  by  means  of  the  telescope  placed  several  feet 
from  the  mercury  table,  carefully  observes  the  height  of  the  mercury 
in  the  tube,  estimating  the  tenths  of  a  division  with  the  eye,  which 
can  readily  be  done  after  a  little  practice.  He  nest  reads  the 
thermometer  with  the  telescope,  and  finally  the  height  of  the  mercury 
in  the  trough  is  read  ofi*  on  the  tube,  for  which  purpose  the  trough 
must  have  glass  sides.  The  difierence  between  these  two  numbers  is 
the  length  of  the  column  of  mercury  in  the  eudiometer,  and  has  to  bo 
subtracted  from  the  reading  of  the  Imrometer.  It  only  remains  to 
take  the  height  of  the  barometer.  The  most  convenient  form  of 
instrument  for  gas  analysis  is  the  syphon  barometer,  with  the  divisions 
etched  on  the  tube.  lliiB  is  placed  on  the  mercury  table,  so  that  it 
may  be  read  by  the  telescope  immediately  after  the  measurements  in 
the  eudiometer.  There  are  two  methoda  of  numbering  the  divisions 
on  the  barometer :  in  one  the  zero  point  is  at  or  near  the  bend  of  the 
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tube,  in  which  ca^e  the  height  of  tha  lower  column  must  be  subtracted 
from  that  of  tlia  higher  j  in  Che  other  the  zero  is  placed  near  the 
middle  of  the  tube,  so  that  the  nutnbera  have  to  he  added  to  obtain 
the  actual  height.     In  caaea  of  extreme  accuracy,  a  correction  must  be 


Pig.  00. 

made  for'  the  temperature  of  the  ^barometer,  which  is]  determined  by 
a  thermometer  suspended  in  the  open  limb  of  the  instrument,  and 
passing  through  a  plug  of  cotton  wool.  Just  before  observing  the 
height  of  the  barometer,  the  bulb  of  the  thermoineter  is  depressed  for 
a  moment  into  the  mercury  in  the  open  limb,  thus  causing  a  movement 
of  the  mercurial  column,  which  overcomes  any  tendency  that  it  may 
have  to  adhere  to  the  glass. 

In  every  case  the  volume  observed  must  be  reduced  to  the  normal 
temperature  and  pressure,  in  order  to  render  the  results  comparable. 
If  the  absolute  volume  is  required,  the  normal  pressure  of  760  m.m. 
must  be  employed ;  but  when  comparative  volumes  only  are  desired, 
the  pressure  of  1000  m.m.  is  generally  adopted,  as  it  somewhat 
simplifies  the  calculation.  In  the  following  formula  for  correction 
of  the  volume  of  gases — 

V|  a  the  correct  volume. 

V  =  the  volume  found  in  the  table,  and  corresponding  to  the 
observed  height  of  the  mercury  in  the  eudiometer,  the  error  of 
nioniseus  bsing  of  course  included. 

B  =  the  height  of  the  barometer  (corrected  for  temperature,  if 
neoeaaary)  at  the  time  of  msaiiuremBnt. 

ft  =  tha  difference  batween  the  hjijht  of  ths  mercury  in  the  trough 
aiil  in  ths  eudiometer. 

(  =  the  temperature  in  centigrade  degceea. 

T  — the  tension  of  aqueoua  vapour  in  railiimaters  of  mercury  at  t^. 
This  number  ia,  oE  course,  only  employed  whsn  tha  gas  is  sitiirated 
with  moisture  at  th3  tLin3  of  mjnuremant. 
Then 

Vx(B-&-T) 
1  ~  760  X  (1  +  0-0036650' 
wjien  the  pre33uro  of  760  m.m.  is  considered  tha  normal  one  ;  or, 

V^(B-6-T) 

''"  1000  « (1  +  0-0036651) 
wheu  the  normal  pressure  of  1  meter  is  adopted. 
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In  casea  where  the  temperature  at  measurement  is  below  0°  (which 
rarely  happens),  the  factor  1  -  0-003665i  must  be  used. 

The  following  table  maj  be  of  value  in  gas  analysis  :— 

Density'  sad  volume  of  Mercury  and  of  Water. 


t'e. 

Meronrj. 

W.«r. 

WeHbtoflcc. 

Voi«mtotlg.m. 

Weight  of  1  CO. 

T.W0I1B.- 

0 

13-596 

■073551 

-999884 

1-000116 

i 

13-586 

■073605 

1-000013 

■999987 

5 

13-584 

-073617 

1-000003 

■999997 

10 

13-572 

-073681 

■999760 

1000240 

15 

13-569 

■073752 

999173 

1000828 

20 

13-547 

-073817 

■998272 

1-001731 

25 

13-535 

■073885 

■997133 

1-002875 

30 

13-523 

■073953 

-995778 

1-004240 

Tables  have  been  constructed  containing  the  values  of  T;  of 
lOOOx  (l+0-003665<),  and  of  760  x  (1  +  0^0036650,  which  very 
much  facilitate  the  numerous  calculations  required  in  this  branch  of 
analysis.*     These  will  be  found  at  the  end  of  the  hook. 
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.  We  ahall  now  be  in  a  |x>sition  to  examine  the  methods  employed 
in  gas  analyua.  Some  gaaea  may  be  estimated  directly ;  that  is,  they 
may  be  atworbed  by  certain  reagents,  the  diminution  of  the  volume 
indicating  the  quantity  of  the  gas  present.  Some  are  determined 
indirectly ;  that  is,  by  exDlodtng  them  with  other  gases,  and 
measuring  the  quantities  of  the  products.  Some  gases  may  be 
estimated  either  directly  or  indirectly,  according  to  the  circumstances 
under  whicli  they  are  found. 


1.     QA8E8  ESTIMATED  DIBECTLT. 

Oasea  Absorbed  by  Crystallized  Sodium  Fhoaphate 
and  FotaBsiuin  Hydrate  :— 

Hydrochloric  acid, 
Hydrobromic  acid, 
Hydriodic  acid. 


a«aeB  Absorbed  by  FotasBlum  Hydrate,  and  not  by 
Crystallised  Sodium  Phosphate:— 

Carbotiic  anhydride. 
Sulphurous  anhydride, 
HydroBulphuric  acid. 

:!.    Qaaea  Absorbed  by  neither  Crystallizod  Sodium 
Phosphate  nor  Potassium  Hydrate:— 

Oxygen, 
Nitric   oxide, 
Carbonic  oxide. 

Hydrocarbons  of  the  composition  Cn  H^n, 
Hydrocarbons   of    the   formula   (Cn   Hjn+l),, 
Hydrocarbons  of  the  formula  Cn  Hjn  +  2, 
except  Marsh  gas. 

2.    OASES   ESTIMATED    INDIRECTLY. 

Hydrogen, 
Carbonic  oxide, 
Marsh  gas. 
Methyl, 

Ethylic  hydride. 
Ethyl, 

Propylic  hydride, 
Butylic  hydride, 
Nitrogen. 
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DIBSCT    ESTIHATIOirs. 
Group  A,  oontainlng  Hydroohlorio,  Hydrobromio,  and 

Hydriodio  Acids. 
§  103.  In  Bunsen's  methoil  the  reagents  for  absorption  are 
generally  used  in  the  solid  form,  in  the  shape  of  bulleta.  To  make 
the  bullets  of  sodium  phosphate,  the  end  of  a  piece  of  platinum  wire, 
of  about  one  foot  in  length,  is  coiled  up  and  fixed  in  the  ceiltre  of 
a  pistol-bullet  mould.     It  is  well  to  bend  the  liandlea  of  the  mouUl, 


Kg  92.  Fig.  93. 

so  that  when  it  is  closed  the  handles  are  in  contact,  and  may  be 
fastened  together  by  a  piece  of  copper  wire  (fig.  92),  The  usual 
practice  is  to  place  the  platinum  wire  in  the  hole  through  which  the 
mould  is  filled;  but  it  is  more  convenient  to  file  a  small  notch  in  one 
of  the  faces  of  the  open  mould,  and  place  the  wire  in  the  notch  before 
the  mould  is  closed.  In  this  manner  the  wire  is  not  in  the  way  during 
the  casting,  and  it  is  subsequently  more  easy  to  trim  the  bullet.  Some 
ordinary  crystallized  sodium  phosphate  is  fused  in  a  platinum  crucible 
(or  better,  in  a  small  piece  of  wide  glass  tube,  closed  at  one  end,  and 
with  a  Bpout  at  the  other,  and  held  by  a  copper-wire  handle),  and 
poured  into  the  bullet  mould  (fig.  93).  When  quite  cold,  the  mould 
is  first  gently  warmed  in  a  gits-flame,  opened,  and  the  bullet  removed. 
If  the  warming  of, the  mould  is  omitted,  the  bullet  is  frequently 
broken  in  consequence  of  its  adhering  to  the  metal.  Some  chemists 
recommend  the  use  of  sodium  sulphate  instead  of  phosphate,  which 
may  be  made  into  halls  by  dipping  the  coiled  end  of  a  piece  of 
platinum  wire  into  the  salt  fused  in  its  water  of  crystallization.  On 
removing  the  wire,  a  small  quantity  of  the  salt  will  remain  attached 
to  the  wire.  When  this  has  solidified,  it  is  (^ain  introduced  for  a 
moment,  and  a  larger  quantity  will  collect ;  and  this  is  repeated  until 
the  ball  is  sufliciently  large.  The  balls  must  be  quite  smooth,  in 
Older  to  prevent  the  introduction  of  any  air  into  the  eudiometer. 
When  the  bullete  are  made  in  a  mould,  it  is  necessary  to  remove 
the  short  cylinder  which  is  produced  by  the  orifice  tlirough  which 
the  fused  ssJt  has  been  poured. 

In  the  estimation  of  these  gases,  it  is  necessary  that  they  should  be 
perfectly  dry.  This  may  be  attained  by  introducing  a  bullet  of  fused 
calcium  chloride.  After  the  lapse  of  about  an  hour,  the  bullet  may 
be  removed,  the  absorption  tube  placed  in  a  vertical  position,  with 
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thermometer,  etc.,  armnge<l  for  the  reading,  and  left  for  half  an  hour 

to  assimie  the  temperature  of  the  air.     When  the  reading  has  heen 

taken,  one  of  the  bullets  of  sodium  phosphate  or  sodium  sulphate  is 

depressed  in  the  trough,  wiped  with  the  fingers  while  under  the 

mercury  in  order  to  remove  any  air 

tliat  it  might  have  carried  down  with 

it,  aiid  introduced  into  the  a1>soFptioD 

tulie,    which    for    this    purpose    is 

inclined  and  held  in  one  hand,  while 

the  bullet  is  passed  into  the  tube 

with  the  other.     Care  must  be  taken 

that  tlie  whole  of  the  platinum  wire 

is  covered  with  mercury  while  the 

bullet  remains  in  the  gas,  otherwise 

there  is  a  risk  of  air  enteiing  the 

tube  between  the  mercury  and  the 

wire  (fig.  94). 

After  standing  for  an  hour,  the 
bullet  is  withdrawn  from  the 
absorption  tube.  This  must  be 
done  with  some  precaution,  so  as  to 

prevent  any  gas  being  removed  from  | 

the  tube.    It  is  best  done  by  drawing  pjj,  t^ 

down  the  bullet  by  a  brisk  move- 
ment of  the  wire,  the  gas  being  detached  from  the  bullet  during  the 
rapid  descent  of  the  latter  inti  the  mercury.  The  bullet  may  then 
be  more  slowly  removed  from  the  tube.  As  sodium  phosphate  and 
sodium  sulphate  contain  water  of  crystallization,  and  a  correaponding 
proportion  of  this  is  liberated  for  every  equivalent  of  sodium  chloride 
formed,  care  must  be  taken  that  the  bullets  are  not  too  small,  else  the 
water  set  free  will  soil  the  sides  of  the  eudiometer,  especially  if  there 
is  a  large  volume  of  gas  to  be  absorbed.  As  a  further  precaution, 
drive  off  some  of  the  water  of  crystallization  before  casting  the 
bullet.  When  the  bullet  has  heen  removed,  the  gas  must  be  dried  as 
before  with  calcium  chloride  and  again  measured.  If  two  or  more  of 
the  gases  are  present  in  the  mixture  to  be  analyzed,  the  sodium 
phosphate  ball  must  be  dissolved  in  water,  and  the  chlorine,  bromine, 
and  iodine  determined  by  the  ordinary  analytical  methods.  If  this 
has  to  be  done,  care  must  be  taken  that  the  sodium  phosphate 
employed  is  free  from  chlorine. 

Group  B.    Oases  absorbed  by  Potassium  Hydrate,  but  not 
by  Sodium  Phosphate. 

Carbonic  anhydride,  sulphuretted  hydrogen,  and 
sulphurous  anhydride. 
I  104.  If  the  gases  occur  singly,  they  are  determined  by  means 
of  a  Imllet  of  caustic  potash  made  in  the  same  manner  as  the  sodium 
pliosphate  halls.  The  caustic  potash  employed  should  contain 
•ufticient  water  to  render  the  bullets  so  soft  tliat  they  may  be  marked 
witli  tlie  nail  when  cold.     Before  use   the  halls   must  be  slightly 
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Dioietened  with  vater ;  aod  if  large  quantities  of  gas  have  to  be 
abforbed,  the  bullet  must  be  removed  after  seme  houre,  washed  with 
water,  and  returned  to  tlie  abEOiption  tube.  The  absorption  may 
extend  over  twelve  or  eighteen  houra.  In  order  to  ascertain  if  it  is 
completed,  the  potaeh  ball  is  removed,  washed,  again  introduced,  ard 
allowed  to  remain  in  contact  with  the  gas  for  about  an  hour.  If  no 
diminution  of  volume  is  observed  the  operation  is  finished. 

The  following  analyeiB  of  a  mixture  of  air  and  carbonic  anhydride 
will  serve  to  show  the  mode  of  recording  the  observations  and  the 
medioda  of  calculation  required. 

Anal;Bis  of  a  Miztvie  of  Air  and  Ceibonio  ADbydride. 

1.     Gas  Saturated  with  Mcislure, 

Height  of  mercury  in  trough        .  =         171'8  m.m. 

Height  of  mercury  in  absorption  eudio- 
meter .  .  .  .  =  89-0  m.m. 

Column  of  mercury  in  tube,  to  he  sub- 
tracted from  the  height  of  barometer  =  6  =    828  m.m. 

Height  of  mercury  in  eudiometer  =  89'0  m.m. 

Correction  for  error  of  n     ' 


Volume    in    table    corresponding   to    8 9 '8 

m.m.     ....  =V  =  96'4 

Temperature   at   which    the   reading  was 

made  .  .  .  =  (  =  122° 

Height  of  barometer  at  time  of  observation  =  B  =  765-25  m.m. 

Tension  of  aqueous  vapour  at  I2'2°  -  T=     10'6  m.m. 

i'"  1000  X  {1-1- 0-0036650 

96-4  X  (765'25  -  62-8  -  10-6) 
T00O>rri  +  (0-003665  X  12-2)]" 

_?«l?L^!ll«5..    _  61-994 

1000x1-044713-"^'*''^ 

log.    96-4    =1-98408 

log.  67185  =  282727 

4-81135 

log.   (1000  >!l'044713)=  3-01900 

1-79235^1<^.  61-994  =  Y, 

Corrected  volume  of  air  and  COa  =  Vi=  61-S94. 

Aftt-r   absorptic 


Height  of  mercury 
Height  of  mercury 

Column  of 


of 
lot 

eaibonic   a 

asaium    hyd 

Gas  Dry. 

nhjdri 
rate. 

ide 

by  bullet  c 

J 

trouph 

in   absorption 

eudi& 

1720  m.m. 
62-5  m.m. 

-i. 

I  eudiometer 

= 

h 

=  109-5  m.m. 
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Height  of  mercurj  iu  eudiometer 
CoirectioD  for  error  of  meniscuB    . 


63  3  m.ni. 

Volume  in  table  corresponding  to  63'3 

m.m.    .  .  .  .  =  V  =  69-35 

Temperature  =  t  -    10-8° 

Barometer  ,  ,  ■■  B  —  766'0  m.m. 


V,  =  T 


V^(B-0 

"I000x{l  +  0-6636650~ 
69-35  X  (7660- IQ9-5) 

1000  X  [1  +  (0003665  x  10-8)]  ~ 

69j35^6^6:5 

1000  >.  1039582     *"*  '^° 

log.    69-35=1-84105 

log.  656  5   -2-81723 

4-65828 

log.  (1000x1-039582)  =^1686 

r64142-log.'43-795  =  V, 

Corrected  volume  of  air=  43795 
Air  +  COj  =  61-99* 
Air  ■=  43-795 

COj- 18-199 
61-994  :  18-199  :  ;  100  :  a;  -  percentage  of  COj 

^_181?9^1<»..  20.355 
'"       61-995      -^^^^^ 

1'erceutE^e  of  COj  in  mixture  of  air  and  gas  =  29-355. 


Height  of  mercury  in  trough 
Height  of  mercury  in  eudiometer 
Column  of  mercury  in  tube 

Height  of  mercury  in  eudiometer 
Correction  for  error  of  meniscus   . 


Volume   in   table,    correspondinft  to  i 

m.m. 
Temperature 
Barometer 

Tension  of  aqueous  vapour  at  12'5° 
Corrected    volume    of    ftir    and    carbonic 

anhydride         .  .  ,.  =  65-754 


~ 

b 

98-0  m 

m. 

= 

=   76-0  m 

m 

= 

98-0  m 

m. 

= 

0-8  m 

m. 

98-8  m 

m. 

K 

= 

V 

=  105-6 

= 

t 

=    12-5° 

= 

H 

-  738-0  m 

ra. 

= 

T 

=   10-8  m 

m. 
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After  absorption   of   CO^. 
Gas  Dry. 


Height  of  mercury  in  trough        .  = 

Height   of   mercury    in   absorption  eudio- 


173-0  1. 
70-3  11 


Column  of  mercury  in  tube 

-  b 

=  102-7  m.m. 

Height  of  mercury  in  eudiometer 

= 

Tb-S  m.m. 

Correction  for  error  of  meniscus    . 

"^ 

0-8  m.m. 
71-1  m.m. 

Volume   in    table   isorreaponding   to 

71-1 

m.m. 

=  V=    77-4 

Temperature 

=  (  =    141° 

Barometer 

=  B  =  733-5  m. 

Corrected  volume  of  air 

=  46-425 

Air  +  CO.  =  65-754 

Air            =46  425 

COj  =  19-329 

65  754  :  19-329  ;  :  100 

:  -2-2-396. 

Percentage  of  COj  in  mixture  of  air  and  gas  29335     25396 

If  either  sulphurous  anhydride  or  sulphuretted  hydrogen  occurs 
together  with  carbonic  anhydride,  one  or  two  modea  of  operation  may 
be  followed.  Sulphuretted  hydrogen  and  sulphurous  anhydride  are 
absorbed  by  manganic  peroxide  and  by  ferric  oxide,  which  may  be 
formed  into  bullets  in  the  following  manner.  The  oxides  are  made 
into  a  paste  with  water,  and  introduced  into  a  bullet  mould,  the 
interior  of  which  has  been  oiled,  and  containing  the  coiled  end  of  a 
piece  of  platinum  wire ;  the  mould  is  tlien  placed  on  a  sand  bath  till 
the  ball  is  dry.  The  oxides  will  now  be  left  in  a  porous  condition, 
which  would  be  inadmissible  for  the  purpose  to  which  tliey  are  to  be 
applied;  the  balls  are  therefore  moistened  several  times  with  a  sirupy 
solution  of  phosphoric  acid,  care  being  taken  that  they  do  not  become 
too  soft,  so  as  to  render  it  difficult  to  introduce  them  into  the  eudio- 
meter. After  the  sulphuretted  hydrogen  or  sulphurous  anhydride  has 
been  removed,  the  gas  should  be  dried  by  means  of  calcium  cliloride. 
The  carbonic  anhydride  can  now  be  determined  by  means  of  the 
bullet  of  potassium  hydrate. 

The  second  method  is  to  absorb  the  two  gases  by  means  of  a  Itall  of 
potassium  hydrate  containing  water,  but  not  moistened  on  the  exterior, 
then  to  dissolve  the  bullet  in  dilute  acetic  acid  which  lias  been 
previously  l>oiled  and  allowed  to  cool  without  access  of  air,  and  to 
determine  the  amount  of  sulphuretted  hydrogen  or  sulphurous 
anhydride  liy  means  of  a  standard  solution  of  iotline.  This  process  is 
especially  applicable  when  rather  small  quantities  of  sulphuretted 
hydrogen  have  to  be  estimated. 
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Group  C.  This  group  contains  the  gaaeB  not  absorbed  by 
FotaBSium  nydrate  or  Sodium  Phosphate,  and  consists 
of  Oxygen,  ICitric  Oxide,  Carbonlo  Oxide,  Hydrocarbons 
of  the  formulsD  CnH,n(GnH,n  +  l)„  and  CnHsn  +  i,  except 
Harsh  gas. 

§  106.  OsTOEH  was  formerly  determined  by  means  of  a  ball  of 
phoaphoniB,  but  it  is  difficult  eubeequently  to  fiee  the  gas  from  the 
phospboTous  acid  produced,  andwhich  exerts  Bome  tension, andso vitiates 
the  reaults ;  besides  which,  the  presence  of  some  gases  interferes  with 
the  absorption  of  oxygen  by  phosphoruB ;  and  if  any  potasaium  hydrat» 
remains  on  the  aide  of  the  tube,  from  the  previous  absorption  of 
carbonic  anhydride,  there  is  a  posaibility  of  the  fomatioQ  of 
phoaphoretted  hydrogen,  which  would,  of  course,  vitiate  the  analysis. 
A  more  convenient  recent  is  a  freshly  prepared  alkaline  solution  of 
potaaaium  pyrogallate  introduced  into  the  gas  in  a  bullet  of  papier- 
mach^.  The  bolls  of  papier-mach6  are  made  by  macerating  filter- 
paper  in  water,  and  forcing  as  much  of  it  as  possible  into  a  bullet 
mould  into  which  the  end  of  a  piece  of  platinum  wire  bos  been  intro- 
duced. In  order  to  keep  the  mould  from  opening  while  it  is  being 
tilled,  it  is  well  to  tie  the  liaiidles  togellier  wilb  a  piece  of  Btring  or 
wire,  and  when  charged  it  is  placed  on  a  sand  bath.  After  the  mass 
is  dry  the  mould  may  be  opened,  when  a  laqje  absorbent  bullet  will 
have  been  produced.  The  absorption  of  oxygen  by  the  alkaline 
pyrogallate  is  not  very  rapid,  and  it  may  be  necessary  to  remove  the 
hall  once  or  twice  during  the  operation,  and  to  charge  it  freshly. 

Nitric  oxide  cannot  be  readily  absorbed  in  an  ordinary  absorptioik 
tube  ;  it  may,  however,  be  converted  into  nitrous  anhydride  and  nitric 
peroxide  by  addition  of  excess  of  oxygen,  absorbing  the  oxygen  com 
pounds  with  potaseium  hydrate,  and  the  excess  of  oxygen  by  potas 
sium  pyrogollate.  The  diminution  of  the  volume  will  give  the  quontity 
of  nitric  oxide.  This  process  is  quite  successful  when  the  nitric  oxide 
is  mixed  with  defiant  gas  and  ethyfic  hydride,  but  it  is  possible  that 
other  hydrocarbons  might  be  acted  on  by  the  nitrous  compounds. 

Carbonic  oxide  may  he  absorbed  by  two  reagents.  If  carbonic 
anhydride  and  oxygen  be  present  tliey  must  be  absorbed  in  the  usual 
manner,  and  afterwards  a  papier-machi^  ball  saturated  with  a  con- 
centrated solution  of  cuprous  chloride  in  dilute  hydrochloric  acid 
introduced.  A  ball  of  caustic  potash  is  sul)sequently  employed  to 
remove  the  hydrochloric  acid  given  off  by  the  previous  reagent,  and  to- 
dry  the  gas.  Carbonic  oxide  may  also  be  ateorbed  by  introducing  a 
ball  of  potassium  hydrate,  placing  the  absorption  tube  in  a  beaker  of 
mercury  anil  beating  the  whole  in  a  water  bath  to  100°  for  60  hours. 
The  carbonic  oxide  is  thus  converted  into  potassium  formate  and 
entirely  absorbed. 

Oiofiant  Goa  ond  other  Hydrocarbons  of  the  formula 
CnHjn  are  absorbed  by  Kordhsusen  sulphuric  acid,  to  which  an 
additional  quantity  of  sulphuric  anhydride  has  been  added.  Such  an 
acid  may  he  obtained  by  heating  some  Nordhausen  acid  in  a  retort 
connected  with  a  receiver  containing  a  small  quantity  of  the  same 


.oo^^ie 


f  106.  ANALYSIS    OF   GASES.  .531 

acid.  This  liquid  is  introduced  into  the  gas  by  means  of  a  dry  coke 
bullet.  These  bullets  are  mode  by  filling  the  mould,  into  whicli  the 
usual  platinum  wire  has  been  placed,  with  a  mixture  of  equal  weights 
of  finely  powdered  coke  and  bitumiuous  coal.  Tlie  mould  is  then 
heated  as  rapidly  as  possible  to  a  bright  red  heat,  and  opened  after 
cooling ;  a  hard  porous  ball  will  have  been  produced,  which  may  be 
employed  for  many  difEerent  regents.  It  is  sometimes  difficult  to 
obtain  the  proper  mixture  of  coal  and  coke,  but  when  once  prepared, 
the  bullets  may  be  made  with  the  greatest  ease  and  rapidity.  The 
olefiant  gas  will  be  absorbed  by  the  sulphuric  acid  in  about  an  hour, 
though  they  may  be  left  in  contact  for  about  two  houre  with 
advantage.  If,  on  removing  the  bullet,  it  atill  fumes  strongly  in  the 
air,  it  may  be  assumed  that  the  absorption  is  complete.  The  gaa  now 
contains  sulphurous,  sulphuric,  and  perhaps  carbonic  anhydrides; 
these  may  be  removed  by  a  manganic  peroxide  ball,  followed  by  one 
of  potassium  hydrate,  or  the  former  may  be  omitted,  the  caustic 
potash  alone  being  used.  The  -various  members  of  the  GnH^n  group 
cannot  be  separated  directly,  but  by  the  indirect  method  of  analysis 
their  relative  quantitiea  in  a  mixture  may  be  determined. 

The  hydrocarbons  (CnHji  +  ^),  and  CnH^  +  j  may  be  absorbed  by 
absolute  alcohol,  some  of  which  is  introducea  into  the  absorption  tube, 
and  agitated  for  a  short  time  with  the  gas.  Correction  has  then  to  be 
made  for  the  weight  of  the  column  of  alcohol  on  the  surface  of  the 
mercury,  and  for  the  tension  of  the  alcohol  vapour.  This  method 
only  gives  approximate  results,  and  can  only  be  employed  in  the 
presence  of  gases  very  slightly  soluble  in  alcohol. 

The  time  required  in  the  different  processes  of  absorption  just 
described  is  considerable  ;  perhaps  it  might  be  shortened  by  surround- 
ing the  absorption  eudiometer  with  a  wider  tube,  similar  to  the 
external  tube  of  a  Liebig's  condenser,  and  through  which  a  current 
of  water  is  maintained.  By  means  of  a  thermometer  in  the  space 
between  the  tubes  the  temperature  of  the  gas  would  be  known,  and 
the  readings  might  be  taken  two  or  three  minutes  after  the  withdrawal 
of  the  reagents.  Besides  this  advantage,  tlie  great  precaution 
necessaiy  for  maintaining  a  constant  temperature  in  the  room  might 
be  dispensed  with.  A  few  experiments  made  some  years  ago  in  this 
direction  gave  satisfactory  results. 

ISDIBECT    DETEBUI1TATI01T8. 

§  106.  Gaqsb  which  are  not  absorbed  by  any  reagents  that  are 
applicable  in  eudiometers  over  mercury,  must  be  determined  in  on 
indirect  manner,  by  exploding  them  with  other  gases,  and  noting 
either  the  change  of  volume  or  the  quantity  of  their  products  of 
decomposition ;  or  lastly,  as  is  most  frequently  the  case,  by  a  com- 
bination of  these  two  methods.  Thus,  for  example,  oxygen  may  be 
determined  by  exploding  with  excess  of  hydrc^en,  and  observing  the 
contraction ;  hydrogen  may  be  estimated  by  exploding  with  excess  of 
oxygen,  and  measuring  the  contraction  ;  and  marsh  gas  by  exploding 
with  oxygen,  measuring  the  contraction,  and  also  the  quantity  of 
carbonic  anhydride  generated. 
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The  operation  is  conducted  in  the  following  manner  : — The  long 
eudiometer  furnished  with  explosive  wires  is  Med  with  mercury, 
(after  a  drop  of  water  has  been  placed  at  tlie  top  of  the  tube  by 
means  of  an  iron  wire,  aa  before  described),  and  some  of  the  gas  to 
be  analyzed  is  introduced  from  the  absorption  eudiometer.  This  gas 
is  then  measured  with  the  usual  precautions,  and  an  excess  of  oxygen 
or  hydrogen  (as  the  ease  may  be)  introduced.  These  gases  may  be 
l>as8ed  into  the  eudiometer  directly  from  the  appamtus  in  which  they 
are  prepared ;  or  they  may  be  previously  collected  in  lipped  tubes  of 
the  form  of  absorption  tubes,  so  as  to  be  always  ready  for  use. 

For  the  preparation  of  the  oxygen  a  bulb  is  used,  which  is  blown  at 
the  closed  end  of  a  piece  of  combustion  tube.     The  bulb  is  about  half 
tilled  with  dry  powdered  potassium  clilorate,  the  neck  drawn  out,  and 
bent  to  form  a  dehvery  tube.    The  chlorate  is  fused,  and  the  gas 
allowed   to  escape   for   some   time  to   ensure   the  expulsion  of   the 
atmospheric  air ;  the  end  of  the  delivery  tube  is  then  brought  under 
the   orifice   of  the   eudiometer,    and    the   necessary  quantity  of  gas 
admitted.     When  it  is  desired  to  prepare  the  oxygen  beforehand,  it 
may  be  collected  directly  from  the  bulb ;  or,  another  method  to  obtain 
the  gas  free  from  air  may  be  adopted  by  those  who  are  provided  with 
the   necessary   appliances.     This    is,    to   connect  a   bulb   containing 
potassium  clilorate  with  a  Bprengel's  mercurial  air-pump,  and,  after 
heating  the  chlorate  to  fusion,  to  produce  a  vacuum  in  the  apparatus. 
The  chlorate  may  be  again  lieated  until  oxygen  begins  to  pass  through 
the  mercury  at  the  end  of  the 
Sprengel,  the  heat  then  with- 
drawn,  and  a  vacuum   again 
obtained.  The  cldorate  is  once 
more  heated,  and  the  oxygen 
collected  at  tlie  bottom  of  the 
Sprengel.        Of    course  the 
usual  precAutions  for  obtaining 
an  ai^tight  joint  between  the 
bulkandthe  Sprengel  must 
be  taken,  such  as  surrounding 
the  caoutchouc  connector  with 
a  tube  ftUed  with  mercury. 

The  hydrogen  for  these 
expcriineuts  must  be  prepared 
by  electrolysis,  since  tliat  from 
other  sources  is  liable  to  con- 
tamination with  impurities 
which  would  vitiate  the 
analysis.  The  apparatus  em- 
ployed by  Bunsen  for  this 
purpose  {fig.  95)  consists  of 
a   glass    tube,    closed    at   the 

lower  end,  and  with  a  funnel  Fi^f.  95. 

at  the  otlier,  into  which  a  de- 
livery   tube    is    groimd,    the  funnel    acting   as  a   water-joint.       A 
platinum  wire  is  sealed  into  the  lower  part  of  the  tiihe ;  and  near 
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the  upper  end  another  wire,  with  a  platinum  plate  attached,  is  fused 
into  the  glass.  Some  amalgam  of  ziiic  is  placed  into  the  tube  so  as  to 
cover  the  lower  platinum  wire,  and  the  apparatus  filled  nearly 
to  the  neck  with  wat«r,  acidulat«d  with  sulphuric  acid.  On  con- 
necting the  platinum  wires  with  a  battery  of  two  or  three 
cells,  the  upper  wire  being  made  the  negative  electrode,  pure  hydrogen 
is  evolved  from  the  platinum  plate,  and,  after  the  expulsion  of  the  air, 
may  be  at  once  passed  into  the  eudiometer,  or,  if  preferred,  collected 
ill  tubes  for  future  use.  Unfortunately,  in  this  form  of  apparatus, 
the  zinc  amalgam  soon  becomes  covered  with  a  saturated  solution  of 
zinc  sulphate,  which  puts  a  stop  to  the  electrolysis.  In  order  to 
remove  this  layer,  Bunsen  has  a  tube  fused  into  the  apparatus  at  the 
surface  of  the  amalgam ;  this  is  bent  upwards  parallel  to  the  larger 
tube,  and  curved  downwards  just  below  the  level  of  the  funnel.  The 
end  of  the  tube  is  closed  with  a  caoutchouc  stopper.  On  removing 
the  stopper,  and  pouring  fresh  acid  into  the  fimnel,  the  saturated 
liquid  is  expelled. 

Another  form  of  apparatus  for  preparing  electrolytic  hydrogen  may 
readily  be  constructed.  A  six-ounce  wide-mouth  bottle  is  fitted  with 
a  good  cork,  or  better,  with  a  caoutchouc  stopper.  In  the  stopper 
four  tubes  are  fitted  (fig.  96).  The  first  is  a  delivery  tube,  provided 
with  a  U-tube,  containing  broken  glass  and  sulphuric  acid,  to  conduct 
the  hydrogen  to  the  mercurial  trough.  The  second  tube  about 
5  centimeters  long,  and  filled  with  mercury,  has  fused  into  its  lower 
end  a  piece  of  platinum  wire 
carrying  a  strip  of  foil,  or 
the  wire  may  be  simply 
flattened.  The  third  tube  passes 
nearly  to  the  bottom  of 
the  bottle,  the  portion  above 
the  cork  is  Iwnt  twice  at  right 
angles,  and  cut  off,  eo  that 
the  open  end  is  a  little 
above  the  level  of  the 
shoulder  of  the  bottle  ;  a  piece 
of  caoutchouc  tube,  closed  by 
a  compression  cock,  is  fitted  to 
the  end  of  the  tube.  The 
fourth  tube  is  a  piece  of 
combustion  tube  about  30 
centimeters  in  length,  and 
which  may  with  advantage  lie 
formed  into  a  funnel  at  the 
top.  This  tube  reaches  about 
one-third  down  the  bottle,  and 
insi<le  it  is  placed  a  narrower 
glass  tube,  attached  at  its 
lower  end  by  a  piece  of 
caoutchouc  connector  to  a  rod  of  amalgamated  zinc.  Tlie  tube  is  filled 
with  mercurj-  to  enable  the  operator  readily  to  coimect  the  zinc  with 
the  battery ;   some  zinc   amalgam   is  placed   at  the  bottom  of  the 
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bottle;  and  dilute  Bulphuric  acid  is  poured  in  through  the  wide 
tube  until  the  bottle  is  nearly  filled  with  Uquid.  To  use  the 
apparatus,  the  deliveiy  tube  is  dipped  into  meicuiy,  the  win 
from  the  positive  pole  of  the  battery  placed  into  the  mercury 
in  the  tube  to  which  the  zinc  is  attached,  and  the  negative 
pole  connected  by  means  ol  mercury  with  the  platinum  plate. 
The  current,  instead  of  passing  between  the  amalgam  at  the 
bottom  of  tlie  vessel  and  the  platinum  plate,  as  in  Bunsen's 
apparatus,  travels  from  the  rod  of  amalgamated  zinc  to  the  platinum, 
consequently  the  circuit  continues  to  pass  until  nearly  the  whole  of 
the  liquid  in  the  bottle  has  become  saturated  with  zinc  sulpttate.  As 
soon  as  the  hydrogen  is  evolved,  of  course  a  column  of  acid  is  raised 
in  the  funnel  until  the  pressure  is  sufBcient  to  force  the  gas  through 
the  mercury  in  which  the  delivery  tube  is  placed.  Care  must  be  taken 
that  the  quantity  of  acid  in  the  bottle  is  sufficient  to  prevent  escape 
of  gas  through  the  funnel  tube,  and  also  that  the  delivery  tube  does 
not  pass  too  deeply  into  the  mercury  ao  as  to  cause  the  overflow  of 
the  acid.  When  the  acid  is  exhausted,  the  compression  cock  on  the 
bent  tube  is  opened  and  fresh  acid  poured  into  the  funnel ;  the  dense 
zinc  sulphate  solution  is  thus  replaced  by  the  lighter  liquid,  and  the 
apparatus  is  again  ready  for  use. 

Avery  convenient  apparatus  for  transferring  oxygenandhydrt^en  in  to 
eudiometers  is  a  gas  pipette,  figured  and  described  (tig.  67,  page  440). 

It  is  necessary  in  all  cases  to  add  an  excess  of  the  oxygen  or 
hydn^en  before  exploding,  and  it  ie  well  to  be  able  to  measure 
approximately  the  amount  added  without  going  through  the  whole 
of  the  calculations.  This  may  be  conveniently  done  by  making 
a  rough  calibration  of  the  eudiometer  in  the  following  manner : — 
The  tube' is  filled  with  mercury,  a  volume  of  air  introduced  into  it 
from  a  small  tube,  and  the  amount  of  the  depression  of  the  mercury 
noted ;  a  second  volume  is  now  passed  up,  a  further  depression  wiU 
be  produced,  but  less  in  extent  than  the  previous  one,  in  consequence 
of  the  shorter  column  of  mercury  in  the  tube.  This  is  repeated 
until  the  eudiometer  is  filled,  and  by  means  of  a  table  constructed 
from  these  observations,  but  without  taking  any  notice  of  the 
variations  of  thermometer  or  harometer,  the  operator  can  introduce 
the  requisite  quantity  of  gas.  It  may  be  convenient  to  make  thia 
calibration  when  the  eudiometer  is  inclined  in  the  support,  and  also 
when  placed  perpendicularly,  so  thatthegas  maybe  introduced  when  the 
tube  is  in  either  position.    A  table  like  the  following  is  thus  obtained: — 

I>1VISI0N8. 
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In  explosionB  of  hydrocarbons  with  oxygen,  it  is  necessary  to 
have  a  considerable  excess  of  the  latter  ^  in  order  to  modeiste 
the  violence  of  the  explosion.  The  same  object  may  be  attained  by 
dUuting  the  gas  with  atmospheric  air,  but  it  is  found  that  sufficient 
oxygen  serves  equally  well.  If  the  gas  contains  nitrogen,  it  is 
necessary  eubsequently  to  explode  the  residual  gas  with  hydrogen ; 
and  if  oxygen  only  has  been  used  for  diluting  the  gas,  a  very  Urge 
quantity  of  hydrt^n  must  be  added,  which  may  augment  the  volume 
in  the  eudiometer  to  an  inconvenient  extent  When  atmoapheiic 
ait  has  been  employed,  this  inconvenience  is  avoided.  After  the 
introduction  of  the  oxygen,  the  eudiometer  is  restored  to  its 
vertical  position,  allowed  to  stand  for  an  hour,  and  the  volume 
read  off. 

The  determination  of  the  quantity  of  oxygen  which  must  be  added 
to  combustible  gases  so  as  to  prevent  the  explosion  from  being  too 
violent,  and  at  the  same  time  to  ensure  complete  combustion,  has  been 
made  the  subject  of  experiment.  When  the  gases  before  explosion 
are  under  a  pressure  equal  to  about  half  that  of  the  atmosphere,  the 
following  proportions  of  the  gases  must  be  employed : — 

TolDiDe  or  Volnme  of 

Combnstiblo  Oaa.         Oij'soi. 

Hydrogen 1  1'5 

Carbonic  oxide    ....         1  1-5 

Marsh  gas  ....         1  6 

Giases    containii^   two   atoms   of 

carbon   in   the  molecule,  as 

Methyl,  CjHa     ...         I  10 

Gases  containing  three  atoms  of 

carbon    in    the  molecule,  as 

I'topylic  hydride,  CaHg        .1  18 

Gasea  containing  four  atoms  of 

carbon   in   the  molecule,  as 

Ethyl,  C,H,„       ...  1  25 

In  cases  of  mixtures  of   two  or  more  combustible  gases 
proportionate  quantities  of  oxygen  must  be  introduced. 

At  the  time  of  the  explosion,  it  is  necessary  that  the 
eudiometer  should  be  carefully  closed  to  prevent  the  loss  of  Pig.  97. 
gas  by  the  sudden  expansion.  For  this  purpose  a  thick 
plate  of  caoutchouc,  tliree  or  four  centimeters  wide,  is  cemented  on 
a  piece  of  cork  by  means  of  marine  glue,  or  some  similar  substance, 
and  the  lower  surface  of  the  cork  cut  so  as  to  lie  firmly  at  the 
bottom  of  the  mercurial  trough  (fig.  98).  It  is,  however,  prefer- 
able to  liave  the  caoutchouc  firmly  fixed  in  the  trough.  As  the 
mercury  does  not  adhere  to  the  caoutchouc,  there  is  some  risk  of 
air  entering  the  eudiometer  after  the  explosion;  this  is  obviated 
by  rubbing  the  plate  with  some  solution  of  corrosive  aublimate 
before  introducing  it  into  the  mercury,  which  causes  the  metal  to 
wet  the  caoutchouc  and  removes  all  air  from  its  surface.  When 
the  caoutchouc  is  not  fixed  in  the  trough,  the  treatment  with  the 
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corrosive    Bublinialc    has    to    be    repeated   before  every  experimeat, 
and  this  aoila  the  surface  of  the  mercury  to  an  inconvenient  extent. 
The  cushion  is  next  depressed  to  the  bottom  of  the  trough,  and  the 
eudiometer  placed  on  it  and  firmly  held  down  (flg.  98).     If  this  ia. 
(lone  with  the  liands,  the  tube  must  be  held  by  that  ]»rtion  containing 
the  mercury,  for   it  is  found  that  wlien  eudiometera  burst  (which, 
however,  only  liappens   when   some    precaution  has  been  neglected) 
tliey  invariably  give  way  just  at  the  level  of   the  mercury    with- 
in the  tube,  and  serious  accidents  might 
occur   if   the   liands  were    at   this   point. 
The  cause  of  the  fracture  at  this  point  Ja 
tho  following  ; — Though  the  gas  is  at  a 
pressure   below    tliat   of   the    atmosphere 
before  the  explosion,  yet  at  the  instant  of 
the  passage  of  the  spark,  the  expansion  of 
the  gas  at  the  top  of  the  tube  condenses 
the  layer  just  below  it ;  tliis  on  exploding 
increases  the  density  of  the  gas  further 
down   the   tube,    and,    by    the   time   the 
ignition   is   communicated    to  the   lowest 
quantity  of  gas,  it  may  be  at  a  pressure  far 
above   that  of   the   atmosphere.     It  may 
be    thought    that    the    explosion    is    so 
instantaneous    that     this     explanation    is 
merely  theoretical  ;  but   on   exploding  a 
long  column    of   gas,    the    time   required 
for   the  complete    ignition    is    quite   per- 
ceptible, and  sometimes  the  flash  may  be 
observed  to  Ije  more  brilliant  at  the  surface 
of    the    mercury.      Some    experimenters 
prefer   to  fix  the  eudiometer  by  means  of 
an  arm  from  a   vertical   stand,    the    arm 
being  hollowed  out  on  the  under  side,  and 
the  cavity  lined  with  cork. 

If  a  large  quantity  of  iucombiistible 
gas  is  present,  the  inflammability  of  the 
mixture  may  be  so  much  reduced  that 
either  the  explosion   does  not  take    place  '^B-  98. 

at  all,  or,  what  may  be  worse,  only  a  partial  combustion  ensues. 
To  obviate  this,  some  explosive  mixture  of  oxygen  and  hydrogen, 
obtained  by  the  electrolysis  of  water,  must  be  introduced. 
Tlie  apparatus  used  by  Bunsen  for  this  purpose  is  shown  in 
fig.  99.  The  tube  in  which  the  electrolysis  takes  place  is 
surrounded  by  a  cylinder  containing  alcohol,  in  order  to  prevent  the 
heating  of  the  liquid.  A  convenient  apparatus  for  the  preparation  of 
this  gas  is  made  by  blowing  a  bulb  of  about  four  centimeters  in 
diameter  on  the  end  of  a  piece  of  narrow  glass  tube,  sealing  two  pieces 
of  flattened  platinum  wire  into  opposite  sides  of  the  globe,  and  bending 
tlic  tube  so  as  to  form  a  delivery  tube.  Dilute  sulphuric  acid, 
containing  about  one  volume  of  acid  to  twenty  of  water,  is  introduced 
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into  the  globe,  either  before  bendiDg  the  tube,  by  meaiia  of  a  funnel 
irith  a  tine  long  stem,  or,  aft«T  the  bending,  by  warming  the  apparatus, 
and  plunging  the  tube  into  the  acid.  Care  umst  be  taken  that  the 
acid  is  dilute,  and  that  the  battery  is  not  too  strong,  in  order  to  avoid 
the  formation  of  ozone,  which  would  attack  the  mercury,  causing  tlie 
sides  of  the  eudiometer  to  be  soiled,  at  the  same  time  producing  a  gas 
too  rich  in  hydrogen. 

The  spark  necessary  to 
effect  the  explosion  may 
be  obtained  from  several 
sources.  An  ordinary 
electrical  machine  orelectro- 
phorus  may  bo  used,  but 
these  are  liable  to  get  out 
of  order  by  damp. 
Bunsen  uses  a  porcelain 
tube,  which  is  rubbed  with 
a  silk  rubber,  coated  with 
electrical  amalgam  ;  by 
means  of  this  a  small 
Leyden  jar  is  charged. 
A  still  more  convenient 
apparatus  is  an  induction 
coil  large  enough  to  produce 
a  spark  of  half  an  inch  in 
length. 

After  the  explosion,  the 
eudiometer  is  slightly  raised 
from  the  caoutchouc  plate 
to  allow  the  entrance  of 
mercury.  "When  no  more 
mercury  rushes  in,  the  tube 
is  removed  from  the 
P'S-  ^-  caoutchouc  plate,  placed  in 

a  jierpendicutar  position, 
and  allowed  to  remain  for  at  least  an  hour  before  reading.  After 
measuring  the  contraction,  it  is  generally  necessary  to  absorb 
the  carbonic  anhydride  formed  by  the  combustion  by  means  of 
a  potash  ball,  in  the  way  previously  described.  In  some  rare 
instances  -  the  amount  of  water  produced  in  the  explosion  with 
oxygen  must  he  measured.  If  this  has  to  be  done,  the  eudio- 
meter, the  mercury,  the  original  gas,  and  the  oxygen  must  all  be  care- 
fully dried.  After  the  explosion,  the  eudiometer  is  transferred  to  a 
circular  glass  vessel  containing  mercury,  and  attached  to  an  iron-wire 
support,  by  which  the  entire  arrangement  can  be  suspended  in  a  glass 
tube  adapted  to  the  top  of  an  iron  boiler,  from  which  a  rapid  current 
of  steam  may  be  passed  through  the  glass  tube,  so  as  to  heat  the 
eudiometer  and  mercury  to  an  uniform  temperature  of  100°.  From 
the  measurements  obtained  at  this  temperature  the  amount  of  water 
prntluccil  may  be  calculated.     If  three  combustible  gases  are  present. 
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the  only  datia  required  for  calculation  are,  the  original  volume  of  the 
gas,  the  contraction  on  explosion,  and  the  amount  of  carbonic 
anhydride  generated.  When  the  original  gas  contains  nitrogen,  the 
residue  after  explosion  with  excess  of  oxygen  consists  of  a  mixture  of 
oxygen  and  nitrogen.  To  this  an  excess  of  hydrogen  is  added,  and 
the  mixture  exploded;  the  contraction  thus  produced  divided  by 
3  gives  the  amount  of  oxygen  in  the  residual  gas,  and  the  nitn^n  is 
found  by  difference. 

It  is  obvious  that,  by  subtracting  the  quantity  of  residual  oxygm, 
thus  determined  by  explosion  with  hydrogen,  from  the  amount  added, 
in  the  first  instance,  to  the  combustible  gae,  the  volume  of  oxygen 
consumed  in  the  explosion  may  be  obtained.  Some  chemists  prefer 
to  employ  this  number  instead  of  the  contraction  as  one  of  the  data 
for  the  calculation. 

We  must  now  glance  at  the  mode  of  calculation  to  be  employed  for 
obtaining  the  percentage  composition  of  a  gas  from  the  numbers 
arrived  at  by  the  experimental  observations. 

The  following  table  shows  the  relations  existing  between  the 
volume  of  the  more  important  combustible  gases  and  the  products  of 
the  explosion  i — 


Nune  of  Ow. 

~l 

w 

H 

1 

Hydrogen,  H           ... 

0-5 

1-5 

0 

Carbonic  Oxide,  CO 

0'5 

0-5 

1 

Methylic  Hydride,  CH^H 

2 

2 

I 

Acetylene,  C^H,     . 
Olefiant  Gas,  CX 
Methyl,  CHa,  CH, 

2-5 

1-5 

2 

1 

3 

2 

2 

3-5 

2-5 

2 

Ethylic  Hydride,  C^H^H 

3-5 

2-5 

2 

Propylene,  C^B.^     . 

4-5 

2-5 

3 

Propylic  Hydride,  CjHjH 

5 

3 

3 

Butylene,  C,H„       . 

6 

3 

4 

Ethyl,  C  H„  C,H,            .         . 
Butylic  Hydride,  CjH.H 

6-5 

3-5 

4 

6-5 

3-5 

4 

As  an  example,  we  may  take  a  mixture  of  hydrogen,  carbonic  oxide, 
and  marsh  gas,  which  gaacs  may  be  designated  by  x,  y,  and  z 
respectively.  The  original  volume  of  gas  may  be  represented  by  A, 
the  c«itraction  by  C,  and  the  amount  of  carbonic  anhydride  by  D. 

A  will  of  course  be  mode  up  of  the  three  components,  or 

A  =x  +  y  +  x. 

C  will  bo  composed  as  follows  :— When  a  mixture  of  hydrogen  and 

oxygen  is   exploded,   the   gas   entirely   disappears.     One  volume  of 

hydrogen  combining  with  half  a  volume  of  oxygen,  the  contraction 
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Trill  be  I J  times  the  quantity  of  hydrogen  present,  oi  Ija^  In  the 
case  of  carbonic  oside,  1  volume  of  this  gas  uniting  with  half  its 
volume  of  oxygen  produces  1  volume  of  carbonic  anhydride,  so  the 
contraction  due  to  the  carbonic  oxide  will  be  half  ite  volume,  or  ^y. 
Lastly,  1  volume  of  marsh  gas  combining  with  2  volumes  of  osygen 
generates  1  volume  of  carbonic  anhydride,  so  the  contraction  in  this 
case  will  be  twice  its  volume,  or  2z.  Thus  we  have — 
C  =  lJa;+iy  +  2?. 
Since  carbonic  oxide  on  combustion  forme  its  own  volume  of 
carbonic  anhydride,  the  amount  produced  by  the  quantity  present  in 
the  mixture  will  be  y.  Maish  gas  also  generates  its  own  volume  of 
carbonic  anhydride,  so  the  quantity  corresponding  to  the  marsh  gas  in 
the  mixture  will  be  z.    Therefore 


It  now  remains  to  calculate  the  values  of  z,  y,  and  z  from  the 
experimental  numbers  A,  C,  and  D,  which  is  done  by  the  help  of  the 
following  equations : — 


=  lJ»;+ij/  +  &L      D  =  y+K. 


=  A-D. 


4y  +  4?  =  4D, 
Zx+  y+4g  =  2C, 
-Zx+Zy  =4D-2C, 

3^ =3A-3D, 

3y  =3A-2C  +  I>,  or 

.,_3A-2C  +  D 


^ 

3 

-2C  +  D 

20- 

3         ,    01 
3A  +  2D. 

3 

By  replacing  the  letters  A,  C,  and  D  by  the  numbers  obtained  by 
experiment,  the  quantities  of  the  three  constituents  in  the  volume  A 
may  easily  be  calculated  by  the  three  formuhe — 
a:  =  A  —  D  =  hydr<^en , 

y  =  — ~  =  carbonic  oxide , 
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The  percentage  composition  ia,  of  course,  obtained  by  the  simple 
proportione — 

:  100  :  per-cent  of  hydrogen , 

;  100  :  percent,  of  carbonic  oxide , 

:  100  :  per-cent.  of  marsh  gas  . 

If  the  gas  had  contained  nitrogen,  it  would  have  been  determined 
by  exploding  the  residual  gas,  after  the  removal  of  the  carbonic 
anhydride,  with  excees  of  hydrogen.  The  contraction  obsraved, 
divided  by  3,  would  give  the  volume  of  oxygen  in  the  residue,  and 
this  deducted  from  the  residue,  would  give  the  amount  of  nitrogen. 
If  A  ^ain  represents  the  original  gas,  and  n  the  amount  of  nitrc^n 
it  contains,  the  expression  A  —  n  would  have  to  be  substituted  for  A  in 
the  above  equations. 

It  may  be  as  well  to  develop  the  formula  for  obtaining  the  same 
results  by  observing  the  volume  of  oxygen  consumed  instead  of  the 
contraction.     If  B  represents  the  quantity  of  oxygen,  we  shall  have 

the  values  of  A  and  D  remaining  as  before,  :c  =  A  -  D. 
z  is  thus  found — 

x  +  y  +  iz  =  2B, 


3z  =  2B  -  A  , 


Thus  we  have— 


=  A-D 

_  3D  -  2B  +  A 


Having  thus  shown  the  mode  of  calculation  of  the  formulte,  it  will 
bo  .well  to  give  some  examples  of  the  formula  employed  in  some  of 
the  cases  which  most  frequently  present  themselves  in  gas  analysis. 
In  all  cases — 

A  =:  original  mixture , 

C  =  contraction , 

D  ^  carbonic  anhydride  produced. 
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1.       Hydrogen  and  N^itrogen. 

B.=ix;  N  =  y. 

Excess  of   oxygen  ia  added,  and  the  contraction  on  explosion 
observed : — 

2C 

3A-2C 


y  =  - 


,  or  A  -  X. 


2.      Carbonic  Oxide  and  Kitrogen. 
CO=a:;  N  =  j/. 

The  gas  is  exploded  with  excess  of  oxygen,  and  the  amount  of 
carbonic  anhydride  produced  is  estimated ; 


3.      Hydrogen,  Carbonic  Oxide,  and  Kitrogen. 

U=x;  CO=y;  N  =  a. 

In  this  case  the  contraction  and  the  quantity  of  carbonic  anhydride 
ire  measured ; — 


3A-2C- 
'~           3 

21) 

1. 

Hydrogi 

in,  Mai.h  Ga 

s.  and  Nitrogen. 

H: 

2C  -  4D 
X-       3       , 

3A-2C  + 
'-          3 

D 

c. 

rbonic  C 

lx[<ie,  Matsli  G«.,  .. 

id  Nitrogei 

CO 

=  3^CH.  =  , 

4D-2C 
X—       3 

2C-D 
J-      3      . 

=  A-D. 

;  N=i 
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6.  Hydrogen,  Methyl  (or  Etbylic  Hydride),  and 

Nitrogen. 
Il  =  x;  CjH,  =  y;  N  =  z. 
4C-5D 
*=— 6— ' 
D 

_3A-2C+D 

7.  Carbonic  Oxide,  Methyl  (or  Ethylic  Hydride), 

and  Nitrogen. 

CO  =  z;  C,Ho  =  y;  N  =  z. 

5D-4C 

2C-D 

_  3A-4D  +  2C 
2_  3 

8.       Hydrogen,  Carbonic    Oxide,  and  Marsh  Gas. 
H  =  a:;  CO  =  y;  CH^  =  z. 
3!  =  A-D, 

3A  -  2C  +  D 

y^ 3 . 

_  2C  -  3A  +  2D 

*~  3 

9.      Hydrogen,  Carbonic  Oxide,  and  Ethylic  Hydride 

(or  Methyl), 

H  =  3-;  CO  =  y;  CjHg  =  «. 

3A  +  2C  -  41) 

^= r^-' 

3A-2C  +  D 
y  = 3 -, 

2C  -  3A  +  2D 

Z-  g 

10.       Carbonic  Oxide,  Marsh  Gas,  and  Ethylic  Hydrid 

(or  Methyl). 

CO  =  a:;  CH,  =  y;  CjH,  =  s. 

3A-2C  +  D 

x= 3^, 

3A  +  2C  -  4D 
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11.       Hydrogen,  Marsh  Gas,  and  Acetylene. 
H  =  3!;  CH,  =  y;  CiJHJ  =  i^ 
6A-2C-D 

x= 2 • 

y  =  2C  -  3A  , 
B-2C  +  3A 


12.      Hydrogen,  Marsh  Gas,  and  Ethylic  Hydride 

(or  Methyl). 

K  =  x.;  CH,  =  y;  CjHfl  =  e. 

This  mixture  cannot  be  analyzed  by  indirect  determination,  since 

a.  mixture  of  two  volumes  of  hydrogen  with  two  volumes  of  ethylic 

hydride  (or  methyl)  has  the  same  composition  as  four  volumes  of 

marsh  gas — 

C,Ha  +  H3=2CH^; 
and,  consequently,  would  give  rise  to  the  same  products  on  combustion 
with  oxygen  as'pure  marsh  gas — 

CJL  +  Hj  +  Og  =  2C0j  +  40Hj ; 
2CH,  +  Og  =  2COj  +  40Hj. 
In  this  case  it  is  necessary  to  estimate  by  direct  determination  the 
ethylic  hydride  (or  methyl)  in  a  separate   portion  of    the  gas  by 
absorption    with   alcohol,    another    quantity   of    the  mixture  being 
exploded  with  oxygen,  and  the  amount  of  carbonic  anhydride  pro- 
duced measured.     If  tjie  quantity  absorbed  by  alcohol  =  E,  then 
a;  =  A-D  +  E, 
i/  =  D-2E, 
a  =  E. 
13.      Hydrogen,  Carbonic  Oxide,  Propylic  Hydride, 
U  =  x;  CO  =  y  ;  C^Hs  =  t, 
3A  +  4C-5D 


_  2C-3A  +  2D 

Z-  g  -      . 

Carbonic  Oxide,  Marsh  Gas,  and  Propylic  Hydride. 
00  =  3:;  C3.^  =  y;  C,Hg  =  !. 
_3A-2C  +  D 

3A  +  4C  -  5I>  . 

D-A 
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c  Oxide,  Ethylic  Hydride  (or  Methyl),  and 
Propylic  Hydride. 

CO  =  a; ;  C^^  =  y ;  CjHg  =  z. 
_3A-2C  +  D 

3A  +  4C-5D 


16.      Marsh  Gas,  Ethylic  Hydride  (or  Methyl),  and 
Propylic  Hydride. 

C^^  =  x;  C2H,  =  y;  C,Hb  =  z. 
As  a  mixturo  of  two  volumes  of  marsh  gaa  and  two  of  propylic 
hydride  has  the  same  composition  as  four  of   ethylic  hydride  (or 
raethyl)- 

CHj  +  CjHg  =  2CjH^ 
the  volume  absorbed  by  alcohol,  and  which  consists  of  ethylic  hydride 
(or  methyl)  and  propylic  hydride,  must  be  determined,  and  another 
portion  of  the  gas  exploded,  and  the  contraction  measured.     If  E 
represents  the  volume  absorbed — 

:e  =  A-E, 


Hydrogen,  Carbonic  Oxide,  and  Ethyl  (or  Butylic 
Hydride). 
\l=x;  CO=y;  C,H,.=z. 


18.      Nitrogen,  Hydrogen,  Carbonic  Oxide,  Ethylic 
Hydride  (or  Methyl),  and  Butylic  Hydride  (or  Ethyl). 

N  =  « ;  K  =  k;'CO  =  x;  CaHg  =  y ;  C^il^„  =  z. 

In  one  portion  of  the  gas  the  ethylic  hydride  (or  methyl)  and 
the  butylic  hydride  (or  etliyl)  are  absorbed  by  alcohol ;  the  amount 
absorbed  =  E. 

A  second  portion  of  the  original  gas  is  mixed  with  oxygen  and 
exploded,  the  amount  of  contraction  and  of  carbonic  anhydride  being 
measured. 
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The  residue  now  containe  the  nitrogen  and  the  excess  of  oxygen  ; 
to  this  an  excras  of  hydrogen  is  added,  the  mixture  exploded,  and 
the  contraction  meaeured.  From  this  the  quantity  of  nitrogen  is 
thus  obtained.     Let — 

G  ==  excess  of  oxygen  and  nitrogen, 
V  :=■  excess  of  oxygen, 
n  =  nitrogen, 

C  =  contraction  on  explosion  with  hydrogen. 
Then— 


From  these  data  the  composition  of  the  mixture  can  be  determined — 
2C  -  D  -  3E 


3 

3A- 

-2C  +  D- 

■  3n 

3 

' 

HA- 

-2(;- 

■2D 

+  12K. 

-3n 

G 

: 

2U- 

-3A4 

21) 

-6E  + 

■in 

§  107.  In  the  method  of  gas  analysis  that  we  have  been  consider- 
ing, the  calculations  of  results  are  somewhat  lengthy,  as  will  be  seen 
by  a  reference  to  tlie  example  given  of  the  analysis  of  a  mixture  of 
air  and  carbonic  anhydride  (page  540).  Besides  this,  the  operations 
must  be  conducted  in  a  room  of  uniform  temperature,  and  consideiable 
time  allowed  to  elapse  between  the  manipulation  and  the  readings  in 
order  to  allow  the  eudiometers  to  acquire  the  temperature  of  the 
surrounding  air ;  and,  lastly,  the  abiorptipn  of  gases  by  solid  regents 
is  slow.  These  disadvantages  are  to  a  great  extant  counterbalanced 
by  the  simplicity  of  tlie  api>aratus,  and  of  the  manipulation. 

From  time  to  time  various  chemists  have  proposed  methods  by 
which  the  opeiations  are  much  hastened  and  facilitated,  and  the 
calculations  shortened.  It  will  be  necessary  to  mention  a  few  of 
these  processes,  which,  however,  require  special  forms  of  apparatus. 

Williamson  and  Russell  have  descril)ed  (Proceedings  of  the 
Royal  Society,  ix.  218)  an  apjrtiratus,  by  means  of  which  the  gases  in 
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the  euJiometera  are  measured  under  b  constant  pressure,  the  correction 
for  tempemture  being  eliminated  by  varyinff  the  column  of  mercury 
in  the  tube  so  as  to  compensate  for  the  alteration  of  volume  obaeired 
in  a  tube  containing  a  standard  volume  of  moist  air.  In  this  case 
solid  reagents  were  employed  in  the  eudiometers. 

In  1864  they  publiehed  (/.  C.  S.  nvji.  238)  a  furtlier  development 
of  this  method,  in  which  the  absorptions  were  conducted  in  a  separate 
laboratory  vessel,  by  which  means  the  re^^nta  could  be  employed  in 
a  pasty  condition  and  extended  over  a  lai^e  surface. 

And  in  1868  Russell  improved  the  apparatus,  so  that  liquid 
reagents  could  be  used  in  the  eudiometers,  and  the  analysis  rapidly 
executed.  A  description  of  this  last  form  of  instrument  may  be  found 
in  J.  a  S.  xxi.  128. 

The  gutta-percha  mercury  trough  employed  is  provided  with  a  deep 
well,  into  wliich  the  eudiometer  can  be  depressed  to  any  required 
extent,  and  on  the  surface  of  the  mercury  a  wide  glass  cylinder,  open 
at  both  ends  and  tilled  with  water,  is  placed.  The  eudiometer  cod- 
taining  the  gas  to  be  examined  is  susjjendeil  within  the  cylinder 
of  water  by  means  of  a  steel  rod  passing  thrutigli  a  socket  attached  to 
a  stout  standard  firmly  fixed  to  the  table.  In  a  similar  manner, 
a  tube  containin)^  moist  air  is  placed  by  the  side  of  the  eudiometer. 
The  clamp  supporting  this  latter  lube  is  provided  with  two  horizontal 
plates  of  steel,  at  which  the  column  of  tlie  mercury  is  read  off.  When 
a  volume  of  gas  has  to  be  measured,  the  pressure  tube  containing  the 
moist  air  is  raised  or  lowered,  by  means  of  an  ingeniously  contrived 
fine  adJTistment,  until  the  mercury  stanils  very  nearly  at  the  level  of 
one  of  the  horizontal  steel  plates.  The  eudiometer  is  next  raised  or 
lowered  until  the  column  of  mercury  within  it  is  at  the  same  level. 
The  final  adjustment  to  bring  the  top  of  the  meniscus  exactly  to  the 
lower  edge  of  the  steel  bar  is  effected  l>y  sliding  a  closed  wide  glasa 
tul>e  into  the  mercury  trough.  Thus  we  liave  two  volumes  of  gas 
under  the  same  pressure  and  temi>eratiire,  and  both  saturated  with 
moisture.  If  the  temperature  of  the  water  in  the  cylinder  increased, 
there  would  be  a  depression  of  the  colunms  in  both  tubes;  but  by 
lowering  the  tnhes,  and  thus  increasing  the  pressiire  until  the  volume 
of  air  in  the  pressure  tul)e  was  the  same  as  Iwfore,  it  would  be  found 
that  the  gas  in  the  eudiometer  was  restored  to  the  original  volume. 
Again,  if  the  baToiuetric  pressure  increaseij,  the  volumes  of  the  gases 
would  l>e  diminished  ;  but,  by  raising  the  tulws  to  the  necessary 
extent,  the  previous  vohimes  would  be  olitained.  Tliereforc,  in  an 
analysis,  it  is  only  necessary  to  measure  the  gas  at  a  pressure  equal  to 
that  which  is  reqiiired  to  maintain  the  volume  of  moist  air  in  the 
pressure  tube  constant.  Th<'  reagents  are  introduced  into  the  eudio- 
meter in  the  liquid  state  by  means  of  a  small  syringe  made  of  a  piece 
of  glass  tube  alraut  one-eighth  of  an  inch  in  diameter.  For  this 
purpose  the  eiuiiometer  is  raised  until  its  open  end  is  just  below  the 
surface  of  the  mereury,  and  the  sjTinge,  which  is  curved  upwards  at 
the  point,  is  depressed  in  the  troi^ifh,  passed  below  the  edge  of  the 
water  cylinder,  and  the  extremity  of  the  syringe  introduced  into  the 
eudiometer.     When   a  sufhcient  quantity  of  the   liquid   haa  been 
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injected,  the  eudiometer  is  lowered  and  again  raised,  so  as  to  moisten 
the  aides  of  the  tube  with  the  liquid,  and  thus  hasten  the  ahaorption. 
Ten  minuCe:8  ^ras  found  to  he  a  sufhcicat  time  for  the  absorption  of 
carbonic  anhydride  when  mixed  with  air. 

To  remove  the  liquid  reagent,  a  ball  of  moistened  cotton  wool  is 
employed.  The  ball  is  made  in  the  following  manner  -.—A  piece  of 
steel  wire  ia  hent  into  a  loop  at  one  end,  and  some  cotton  wool  tightly 
wrapped  around  it.  It  is  then  dipped  in  water  and  squeezed  with  the 
hand  under  the  liquid  until  the  air  is  removed.  The  end  of  the  steel 
wire  is  next  passed  through  a  piece  of  glass  tube,  curved  near  one  end 
and  the  cotton  ball  drawn  against  the  curved  extremity  of  the  tube. 
The  ball,  saturated  with  water,  is'  now  depressed  in  the  mercury 
trough,  and,  after  as  much  of  the  water  as  possible  has  been  squeezed 
out  of  it,  it  is  passed  below  the  eudiometer,  and,  by  pushing  the  wire, 
the  ball  is  brought  to  the  surface  of  the  mercury  in  the  eudiometer 
and  rapidly  absorbs  all  the  liquid  reagent,  leaving  the  meniscus  clean. 
The  ball  is  removed  with  a  slight  jerk,  and  gas  is  thus  prevented  from 
adhering  to  it.  It  ia  found  tliot  this  mode  of  removing  the  liquid  can  be 
iisitd  without  fear  of  altering  the  volume  of  the  gas  in  the  eudiometer. 

Ciirbonic  anhydride  may  be  absorbed  by  a  solution  of  potassium 
hydrate,  and  oxygen  by  means  of  potassium  hydrate  and  pyi-ogallie 
acid.  The  determination  of  ethylene  is  best  effected  by  means  of 
fuming  sulphuric  acid  on  a  coke  ball,  water  and  dilute  potassium 
hydrate  being  subsequently  introduced  and  removed  by  the  ball  of 
cotton  wool. 

Doubtless  this  mode  of  using  tlie  liquid  reagents  might  be  employed 
with  advantage  in  the  ordinary  process  of  analysis  to  diminish  the 
time  necessary  for  the  absorption  of  the  gases.  Hy  this  process  of 
Russell's  the  calculations  are  much  shortened  and  facilitated,  the 
volumes  read  off  being  comparable  among  themselves ;  this  will  ha 
seen  by  an  example,  taken  from  the  original  memoir,  of  the 
determination  of  oxygen  in  air — ■ 

Volume  Id  T&bia 
correspondiiis 

Volume  of  air  taken      .        .        .  'UO'3        132-15  ' 

Volume  after  absorption  of  oxygen  i 

by  potassium  hydrate  and  pyro-  V  103-6         104-46 

gallic  acid ) 

13215 
104-46 

27 '69  volumes  of  oxygen  in  132-15  of  air 
132-15  :  27-69  :  ;  100  :  20-953  percentage  of  oxygen  in  air. 

Kuasell  has  also  employed  his  apparatus  for  the  analysis  of 
carbonates  (/.  C.  S.  [n.s.]  vi.  310).  For  this  purpose  he  adapted 
a  graduated  tube,  open  at  both  ends,  to  a  glass  flask  by  means  of 
a  thick  piece  of  rubber  tube.  Into  the  flask  a  weighed  quantity 
of  a  carbonate  was  placed,  together  with  a  vessel  containing  dilute 
acid.  The  position  of  the  mercury  in  the  graduated  tube  was  first  read 
otr,  after  which  the  flask  was  shaken  so  as  to  bring  the  acid  and 
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carbonate  in  contact,  and  the  increase  in  volume  was  due  to  the 
carbonic  anhydride  evolved.  The  resulta  thus  obtained  ore  extremely 
concordant. 

In  eight  experiments  with  sodium  carbonate  the  percentage  of  carbonic 
anhydride  found  varied  from  41 '484  to  41 -COT,  theory  requiring  4r509. 

Thirteen  experiments  with  calc-epar  gave  from  43'620  to  43'858, 
the  theoietical  percentage  being  44*0 ;  and  in  nine  other  analyses  fiom 
43-581  to  43-901  were  obtained. 

Two  experiments  were  made  with  manganic  peroxide,  oxalic  acid, 
and  sulphuric  acid,  and  gave  58'156  and  58*101  per  cent,  of 
carbonic  anhydride. 

Some  determinations  of  the  purity  of  magnesium  were  also  pcT- 
formed  by  dissolving  the  metal  in  liydiocldoric  acid  and  measuring 
the  resulting  hydrogen.  Four  operations  gave  numbers  varying 
between  8-255  and  8'282.     The  metal  should  yield  8-333.        ■    t    ■ 

Russell  has  also  employed  this  process  for  the  determination  of  the 
combining  proportioua  of  nickel  and  cobalt  (J.  0.  S.  [n.s.]  vii.  294). 

Regnault  and  Keiset 
described  {Ann.  Ckim.  Phy*. 
[3]  xxvi.  333)  an  apparatus 
by  which  absorptions  could 
be  rapidly  conducted  by 
means  of  liquid  reagents 
brought  in  contact  with  the 
gases  in  a  laboratory  tube. 
The  measurements  are  made 
in  a  graduated  tube,  which 
can  be  placeil  in  communica- 
tion with  the  laboratory  tube 
by  means  of  fine  capillary 
tubes  provided  with  stop-cocks, 
the  lower  end  of  the  measuring 
tube  being  connected  by  an 
iron  socket  and  stop-cock  with 
another  graduated  tube  in 
which  the  pressure  to  whicli 
thegos  is  subjected  is  measured. 
The  measuring  and  presa\ire 
tubes  are  surrounded  by  a 
cylinder  of  water.  An  ap- 
paratus similar  in  principle 
to  this  has  recently  buen  con- 
structed by  Frankland,  and 
is  fidly  described  in  the  section 
on  Water  Analysis  (§  97,  page 
434). 


and    "Ward, 


Fig.  100. 


{J.  C.  S.  1 

important  improvements  in  the  apparatus  of  Regnault  and  Beiset, 

They  introduced   a    third    tube    (fig,  100),  closed   at   the   top  with 
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a  Btopper,  and  which  is  made  to  act  as  a  barometer,  to  indicate  the 
tension  of  tlie  gas  in  the  measuring  tube,  thus  rendering  the  operation 
entirely  independent  of  variations  of  atmospheric  pressure.  The 
correction  for  aqueous  vapour  ia  also  eliminated,  by  introducing 
a  drop  of  water  into  the  barometer  aa  well  as  into  the  measuring 
tube,  the  pressures  produced  by  the  aqueous  vapour  in  the  two  tubes 
thus  counterbalancing  one  another,  so  that  the  difference  of  level 
of  the  mercury  gives  at  once  the  tension  of  the  dry  gas.  The 
measuring  tube  is  divided  into  ten  equal  divisions  (which,  for  some 
purposes,  require  to  be  calibrated),  and  in  one  analysis  it  is  convenient 
to  make  all  the  measurements  at  the  same  division,  oi  to  calculate  the 
tension  which  would  be  exerted  by  the  gas  if  measured  at  the  tenth 
division.  Frankland  and  Ward  also  adapted  an  iron  tube  more 
than  760  m.m.  long  at  the  bottom  of  the  apparatus,  which  enables  the 
operator  to  expand  the  gas  to  any  required  extent,  and  thus  diminish 
the  violence  of  the  explosions  which  are  performed  in  the  measuring 
tube.  During  the  operation  a  coDstant  stream  of  .water  is  kept  flowing 
throi^h  the  cylinder,  which  maintains  an  uniform  temperature. 

Sy  the  use  of  this  form  of  apparatus  the  calculations  of  analyses  are 
much  simplified.  An  example  of  an  analysis  of  atmospheric  air  will 
indicate  the  method  of  using  the  instrument. 

Volume    of    Air    used.       Determined    at    6th    Division    on 
the  Measuring   Tube. 

Observed  height  of  mercury  in  barometer       .  673-0 

Height  of  5th  division 383-0 

Tension  of  gas       .     290-0 

Corrected  tension  of  gas  at  10th  division         .  145-00 

Volume   after   Admission   of    Hydrogen.      Determined  at 

6th  Division. 

Observed  height  of  mercury  in  barometer       .        .     772-3 

Height  of  6th  division 304-0 

Tenaion  of  gas      .     468-3 
0-6 
Corrected  tension  at  lOth  division  .  .         .  280-98 

Volume   after   explosion.      Determined   at   5th    Division. 

Observed  height  of  mereury  in  barometer       .        .  763-3 

Height  of  5th  division 3830 

Tension  of  gas      .  380-3 
0-5 

Corrected  tension  at  10th  division  ....  190-15 

Tension  of  air  with  hydrogen         ....  '280-98 

Tenaion  of  gas  after  explosion         ....  19015 

Contraction  on  explosion          ....  90-83 
of  which  one-third  is  oxygen. 
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— = — =  30'276  =  volumea   of  oxygen   in    146-0  volumes  of  air 

1450     :     30-276     ;  :     100     :    a 

30-276  X 100     „„  oo  *         t 

x=  —  —  =  20-88  =  percentage  of  oxygen  in  air. 

If  all  the  measurements  had  been  made  at  the  aame  division,  no 
correction  to  the  tenth  division  would  have  been  necessary,  as  the 
numbers  would  have  been  comparable  ani<»ig  themselves. 

Another  modification  of  Frankland  and  Ward's,  or  Regnault's 
appaiAtus  has  been  designed  by  McLeod  {J.  C.  S.  [>'.s.]  vii.  313),  in 
which  the  original  pressure  tube  of  Kegnault's  apparatus,  or  the 
filling  tube  of  Frankland  and  Ward,  is  dispensed  with,  the  mercury 
being  admitted  to  the  apparatus  through  the  stop-cocks  at  the  bottom. 

The  measuring  tube  A  (fig.  101)  is  900  m.m.  in  length,  and  about 
20  m.m.  in  internal  diameter.  It  is  marked  with  ten  divisions,  the 
first  at  25  m.iu.  from  the  top,  the  second  at  50,  the  third  at  100,  and 
the  remaining  ones  at  intervals  of  100  m.m.  In  the  upper  part  of  tlie 
tube,  platinum  wires  ate  sealed,  and  it  is  terminated  by  a  capillary 
tube  and  a  fine  glass  stop-cock,  a,  the  capillary  tube  being  bent  at 
rightKingles  at  50  m.m.  above  the  junction.  At  the  bottom  of  the 
tube,  a  wide  glass  stojt-cock  b  is  sealed,  which  commimicates,  by 
means  of  a  caoutchouc  jomt  surrounded  with  tape  and  well  wired  to 
the  tubes,  with  a  branch  from  the  barometer  tube  B.  This  latter  tube 
is  5  m.m.  in  width,  and  about  1200  m.m.  long,  and  ia  graduated  in 
millimeters  from  bottom  to  top.  At  the  upper  extremity  a  glass 
stop-cock  d  ia  joined,  the  lower  end  being  curved  and  connected  by 
caoutchouc  with  a  stojt-cock  and  tulje  C,  descending  through  the  table 
to  a  distance  of  900  m.m,  below  the  joint.  It  is  advisable  to  place 
washers  of  leather  at  the  end  of  the  plugs  of  the  stop-cocks  e  and  6, 
as  the  pressure  of  the  mercury  which  is  afterwards  to  be  introduced 
has  a  tendency  to  force  them  out ;  if  this  should  happen,  the  washers 
prevent  any  great  escape  of  mercury. 

Tlie  two  tubes  are  firmly  held  by  a  clamp  D,  on  which  rests  a  wide 
cylinder  £,  about  55  m.m.  in  diameter,  surrounding  the  tubes,  and 
adapted  to  them  by  a  water-tight  caoutchouc  cork  F,  The  cylinder  ia 
maintained  in  an  upright  position  by  a  support  at  its  upper  end  G, 
sliding  on  the  same  rod  as  the  clamp.  Aroiind  the  upper  part  of  ths 
barometer  tube  a  syphon  II  is  fixed  by  means  of  a  perforated  cork, 
through  which  the  stop-cock  d  pas.ses.  A  small  bulb-tube  e,  containing 
some  luercury,  is  also  fitted  in  this  cork,  so  as  t«  allow  of  the  air  being 
entirely  removed  from  the  syphon.  The  syphon  descends  about 
100  m.m.  within  the  cylinder,  and  lias  a  branch  at  the  top  communi- 
cating by  caoutchouc  with  a  bent  tube  contained  in  a  wider  one  J 
af^xed  to  the  support.  A  constant  current  of  water  is  supplied  to  the 
cylinder  through  a  glass  tube,  which  passes  to  the  bottom,  and  escapes 
through  the  syphon  and  tul>e8  to  the  drain. 

To  the  end  ot  the  narrow  tube  C  is  fastened  a  long  piece  of 
caoutchouc  tube  K,  co\-ered  with  tape,  by  which  a  communication  is 
established  with  the  mercurial  reservoir  L,  suspended  by  a  cord  so 
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th&t  by  tneane  of  the  winch  M,  it  may  be  raised  above  the  level  of  the 
top  of  the  barometer  tube.  As  the  mercury  frequently  forcea  its  way 
through  the  pores  of  the  caoutchouc  tube,  it  is  advisftble  to  surround 
the  lower  part  with  a  piece  of  wide  flexible  tube ;  this  prevents  the 
scattering  of  the  mercury,  which  collects  in  a  tray  placed  on  the  floor. 
Into  the  bottom  of  the  tray  a  screw  must  be  put,  to  which  the  end  of 
the  ^Isss  tube  is  firmly  attached  by  wire.  The  capillary  stop-cock  a  is 
provided  with  a  steel  cap,  by  meaus  of  which  it  may  be  adapted  to  a 
short  and  wide  laboratory  tube  capable  of  holding  about  150  c.c,  and 
identical  in  form  with  the  one  described  in  the  section  on  Water 
Analysis  (§  97).  The  mercurial  trough  for  the  laboratory  tube  ia 
provided  with  a  stand  with  rings,  for  the  purpose  of  holding  two 
tubes  containing  gases  that  may  be  required. 

The  apparatus  is  used  in  the  same  way  as  Frank  land  and  Ward's, 
except  that  the  mercury  is  isised  and  lowered  in  the  tubes  by  the 
movement  in  the  reservoir  I^  instead  of  by  pouring  it  into  the  centre 
supply-tube. 

To  arrange  the  apparatus  for  use,  the  reservoir  L  is  lowered  to  the 
ground,  and  mercury  poured  into  it.  The  laboratory  tube  beii^ 
temoved,  the  stop-cocks  are  all  opened,  and  the  reservoir  gradually 
raised.  When  the  tube  A  is  filled,  the  stop-cock  a  is  closed,  and  the 
reservoir  elevated  until  mercury  flows  through  the  stop-cock  d  at  the 
top  of  the  barometer.  It  is  convenient  to  have  the  end  of  the  tube 
above  the  stopcock  so  bent  that  a  vessel  can  be  placed  below  to 
receive  the  mercury.  This  bend  must,  of  course,  be  so  short  that, 
when  the  plug  of  the  stop-cock  is  removed,  the  ayphon  will  pass 
readily  over.  When  the  air  is  expelled  from  the  barometer  tube,  the 
stop-cock  is  closed.  A  few  drops  of  water  must  next  be  introduced 
into  the  barometer ;  this  is  accomplished  by  lowering  the  reservoir  to 
a  abort  distance  below  the  top  of  the  barometer,  and  gently  opening 
the  stop-cock  d,  while  a  small  pipette,  from  which  water  is  dropping, 
is  held  against  the  orifice,  the  stop-cock  being  closed  when  a  sufficient 
amount  of  water  has  penetrated  into  the  tube.  In  the  same  manner, 
a  small  quantity  of  water  is  passed  into  the  measuring  tube.  In  order 
to  get  rid  of  any  bubbles  of  air  which  may  still  linger  in  the  tubes, 
the  reservoir  is  lowered  to  the  ground  so  as  to  produce  a  vacuum  in 
the  apparatus ;  in  this  manner  the  interior  surfaces  of  the  tubea 
become  moistened.  The  reservoir  is  now  gently  raised,  thus  refilling 
the  tubes  with  mercury.  Great  care  must  be  taken  that  the  mercury 
does  not  rush  suddenly  against  the  tops  of  the  measuring  and 
barometer  tubes,  which  might  cause  their  destruction.  This  may  be 
avoided  by  r^ulating  the  flow  of  mercury  by  means  of  the  stop-cock 
e,  which  may  be  conveniently  turned  by  a  long  key  of  wood,  resting 
against  the  upper  table  of  the  sliding  stand  of  the  mercurial  trough. 
When  the  reservoir  has  ^ain  been  elevated  above  the  top  of  the 
barometer,  the  stop-cocks  of  the  measuring  and  barometer  tubes  are 
opened,  and  the  air  and  water  which  have  collected  allowed  to 
escape. 

The  heighte  of  the  mercurial  columns  in  the  barometer,  correspond- 
ing to  the  different  divisions  of  the  measuring  tube,  have  now  to  be 
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determined.  This  is  done  by  running  out  all  the  mercury  from  the 
tubes,  and  alowly  readmitting  it  untU  the  meniscus  of  tlie  mercury 
just  touches  the  lowest  division  in  the  measuriug  tube.  This  may  be 
very  conveniently  managed  by  observing  the  division  through  a  small 
telescope  of  short  focus,  and  sufficiently  close  to  the  apparatus  to 
permit  of  the  key  of  the  stop-cock  c  being  turned,  while  the  eye  is 
still  at  the  telescope.  When  a  reading  is  taken,  the  black  screen  0 
behind  the  apparatus  must  be  moved  by  means  of  the  winch  P,  until 
its  lower  edge  is  about  a  millimeter  above  tho  division.  The  telescope 
is  now  directed  to  the  barometer  tube,  and  the  position  of  the  mercury 
carefully  noted.  As  the  .tubes  only  contain  aqueous  vapour,  and  are 
both  of  the  same  temperature,  the  columns  in  the  two  tubes  are  those 
which  exactly  counterbalance  one  another,  and  any  difference  of  level 
that  may  be  noticed  is  due  to  capillarity. 

The  same  0{>eration  is  now  repeated  at  each  division  of  the  tube. 
The  measuring  tube  next  requires  calibration,  an  operation  performed 
in  a  manner  perfectly  similar  to  that  described  in  §  97  (page  437), 
namely,  by  filling  the  measuring  tube  with  water,  and  weighing  the 
quantities  contained  between  every  two  divisions.  The  eudiometer 
being  filled  with  water,  and  the  stop-cock  b  closed,  the  reservoir  is 
raised  and  the  mercury  allowed  to  rise  to  the  top  of  the  barometer. 
The  capillary  stop^sock  a  having  been  opened,  the  cock  b  is  gently 
turned,  and  the  water  allowed  to  flow  out  until  the  mercury  reaches  the 
lowest  division  of  the  tube.  A  carefully  weighed  flask  is  now 
supported  just  below  the  steel  cap,  the  stop-cock  b  again  opened,  until 
the  next  division  is  reached,  and  the  quantity  of  water  is  weighed,  the 
temperature  of  the  water  in  the  wile  cylinder  being  observed.  The 
same  opeiatiou  is  repeated  at  each  division,  and  by  calculation  the 
exact  contents  of  the  tube  in  cubic  centimeters  may  be  found. 

In  this  manner,  a  table,  such  as  the  following,  is  obtained  : — 


Dtvtoion 
tab*. 

"■"3KSS"° 

Coseoit.. 

CutdeCoitUiuta.. 

LoK. 

1 

756-9 

8-6892 

0-9389814 

2 

706-7 

18-1621 

1-2691664 

3 

606-8 

36-9307 

1-5673880 

4 

606-6 

55-7344 

1-7461232 

6 

406-8 

74-4299 

1-8717477 

6 

306-8 

93-3306 

1-9700244 

7 

206-9 

112-4165 

2-0508303 

8 

107-0 

131-6336 

2-1193666 

9 

7-1 

161-1623 

2-1794436 

When  a  gas  is  to  be  analyzed,  the  laboratory  tube  is  filled  with 
mercury,  either  by  sucking  the  aii  out  through  the  capillary  stop- 
cock, while  the  open  end  of  the  tube  stands  in  the  trough,  or  much 
more  conveniently,  by  exhausting  the  air  through  a  piece  of  flexible 
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tube  pasBed  under  the  mercurj  to  the  top  of  the  labontory  tube,  the- 
small  quantity  of  air  lemaining  in  the  atop-cock  and  at  the  top  of  the 
wide  tube  being  afterwards  very  readily  withdrawn.  The  face  of  one 
of  the  steel  pieces  is  greased  with  a  small  quantity  of  resiB  cerate,  and, 
the  measuring  apparatus  being  full  of  mercury,  the  clamp  is  adjusted. 

Before  the  introduction  of  the  gas,  it  is  ailviaable  to  ascertain  if 
the  capillary  tubes  are  clear,  as  a  stoppage  may  arise  from  the 
admisaion  of  a  small  quantity  of  grease  into  one  of  them,  for  thie 
purpose  the  globe  L  is  raised  above  the  level  of  the  top  of  the 
measuring  tube,  and  the  capillary  stop-cocks  oftened ;  if  a  free 
pass^e  exists,  the  mercury  will  be  seen  to  flow  through  the  tubes. 
The  stop-cock  of  the  laboratory  tube  is  now  closed.  "When  all  is. 
properly  arranged,  the  gas  is  transferred  into  the  laboratory  tube,  and 
the  etop-cock  opened,  admitting  a  stream  of  mercury.  The  cock  e  is 
gently  turned,  so  as  just  to  arrest  the  flow  of  mercury  through  the 
apparatus,  and  the  reservoir  lowered  to  about  the  level  of  the  table, 
which  is  usually  sufficient.  By  carefully  opening  the  cock  e,  the  gas 
is  drawn  over  into  the  measuring  tube,  and  when  the  mercury  has 
reached  a  point  in  the  capillary  tube  of  the  laboratory  tube,  about 
midway  between  the  bend  and  the  stop-cock,  the  latter  is  quickly 
closed.  It  is  necessary  that  this  stop-cock  should  he  very  perfect. 
This  is  attained  by  grinding  the  plug  into  the  socket  with  fin& 
levigated  rouge  and  solution  of  sodium  or  potassium  hydrate.  By 
thb  means  the  plug  and  socket  may  be  polished  so  that  a  very  small 
quantity  of  resin  cerate  and  a  drop  of  oil  renders  it  perfectly  gas-tight. 
In  grinding,  care  must  he  taken  that  the  operation  is  not  carried  on 
too  long,  otherwise  the  hole  in  the  plug  may  not  coincide  with  the 
tubes.  If  this  stoji-cock  is  in  suificicntly  good  order,  it  is  unnecessary 
to  close  the  stop-cock  a  during  an  analysis. 

The  mercury  is  allowed  to  flow  out  of  the  apparatus  until  ita 
surface  is  a  short  distance  below  the  division  at  which  the  measure- 
ments are  to  he  made.  The  selection  of  the  division  depends  on  the 
quantity  of  gas  and  the  kind  of  experiment  to  be  performed  with  it. 
A  saving  of  calculation  is  effected  if  all  the  measurements  in  one 
analysis  are  carried  on  at  the  same  division.  "When  the  mercury  baa 
descended  below  the  division,  the  cock  c  is  closed,  the  reservoir  raised, 
and  the  black  screen  moved  until  its  lower  edge  is  about  a  millimeter 
al)ove  the  division,  and  the  telescope  placed  so  that  the  imt^e  of  the 
division  coincides  with  the  cross-wires  in  the  eye-piece.  The  stop- 
cock e  is  now  gently  opened  until  the  meniscus  just  touches  the 
division ;  the  cock  is  closed  and  the  height  of  the  mei'cury  in  the 
barometer  is  measured  by  means  of  the  telescope.  The  difference 
between  the  reading  of  the  barometer,  and  the  number  in  the  table 
corresponding  to  the  division  at  which  the  measurement  is  taken,  gives- 
in  millimeters  the  tension  of  the  gas.  Tlie  volume  of  the  gas  is  found 
in  the  same  table,  and  with  the  temperature  which  is  read  off  at  the 
same  time  as  the  pressure,  all  the  data  required  for  the  calcidation  of 
the  volume  of  the  gas  at  0°  and  760  m.m.  are  obtained.  Wo  correction 
is  required  for  tension  of  aqueous  vajwur;  the  measuring  tube  and 
barometer  tube  being  both  moist,  the  tensions  in  the  tubes  are  counter- 
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balanced.  Abeorptionfi  are  performed  with  liquid  reagents  hy 
introducing  a  few  dropa  of  the  liquid  into  the  laboratory  tube, 
trsnsfeiring  the  gas  into  it,  and  allowing  the  mercury  to  drop  slowly 
through  the  gas  for  about  five  minutes.  The  gaa  ia  then  passed  over 
into  the  measuring  tube,  and  the  difference  of  tension  observed 
corresponds  to  the  amount  of  gaa  absorbed.  It  is  scarcely  necessary 
to  add,  that  the  great«Bt  care  must  be  taken  to  prevent  any  trace  of 
the  reagent  passing  the  stop-cock.  If  such  an  accident  should  occur, 
the  measuruig  tube  must  be  washed  out  several  times  with  distilled 
water  at  the  conclusion  of  tlie  analysis.  If  the  reagent  is  a  solution 
of  potassium  hydrate  it  may  be  got  rid  of  by  introducing  into  the 
tube  some  distilled  water,  to  which  a  drop  of  sulphuric  acid  has  been 
added.  If  this  liquid  is  found  to  be  acid  on  removing  it  from  the 
tube,  it  may  be  presumed  that  all  the  alkali  has  been  neutralized. 

When  explosions  are  to  be  performed  in  the  apparatus,  the  gas  is 
first  measured  and  then  returned  to  the  laboratory  tube.  A  quantity 
of  oxygen  or  hydrogen,  as  the  case  may  be,  which  is  judged  to  be  the 
proper  volume,  is  transferred  into  the  laboratory  tube,  and  some 
mercury  is  allowed  to  stream  through  the  gases  so  as  to  mix  them 
thoroi^hly.  The  mixture  is  next  passed  into  the  eudiometer  and 
measured.  If  a  sufficient  quantity  of  the  second  gas  has  not  been 
added,  more  can  readily  be  introduced.  After  the  measurement,  it 
may  be  advisable  to  expand  the  mixture,  in  order  to  diminish  the 
force  of  the  explosion.  This  is  done  by  allowing  niercury  to  fiow  out 
from  the  tube  into  the  reservoir.  When  the  proper  amount  of 
expansion  has  been  reached,  the  stop-cocks  a  and  b  are  closed.  To 
enable  the  electric  spark  to  pass  between  the  wires,  it  is  necessary  to 
lower  the  level  of  the  water  in  the  cylinder.  For  this  purpose,  the 
bent  glass  tube  at  the  extremity  of  the  syphon  is  made  to  slide  easily 
through  the  cork  which  closes  the  top  of  the  wide  tube  J.  By 
depressing  the  bent  tube,  the  water  flows  out  more  rapidly  than  before, 
and  the  level  consequently  falls.  When  the  surface  is  below  the 
eudiometer  wires,  a  spark  from  an  induction-coil  is  passed,  exploding 
the  gas.  The  syphon  tube  is  immediately  raised,  and,  when  the  water 
in  the  cylinder  has  reached  its  original  level,  the  gas  is  cool  enough 
for  measurement.  900  c.e.  of  mercury  arc  amply  sufficient  for  the  whole 
apparatus ;  and  as  there  is  no  cement  used  to  fasten  the  wide  tubes 
into  iron  sockets,  a  great  difficulty  in  the  original  apparatus  is  avoided. 

The  following  details  of  an  analysis,  in  which  absorptions  only  were 
performed,  will  show  the  method  employed.  The  gas  was  a  mixture 
of  nitrogen,  oxygen,  and  carbonic  anhydride,  and  the  measurements 
were  all  made  at  division  No.  1  on  the  eudiometer,  which  has  been 
found  to  contain  S-6892  c.e. 

Original   Qaa. 

Temperature  of  water  in  cylinder,  15'4°. 

Height  of  mercury  in  barometer  tube 980'B 

„         „  corresponding   to   Division    No.    1  (see 

Table) 756-9 

Pressure  of  the  gaa       .        .        .  ....     223-6 


.00^^  le 


556  VOLUMffTEIC  ANALYSia  §  107. 

After  absorption  of  the  csibonic  anhydride  by  solution  of 

potassium  hydrate —  »,„. 

Height  of  mercury  in  barometer  tube 941-7 

„        „  coireBponding  to  Division  No.  1  .  756-9 

Pre«guie  of  the  gaa  after  removal  of  carbonic  anhydride  .  184*8 

Pressure  of  original  gas 2236 

„           gas  after  removal  of  carbonic  anhydride  184-8 

Tension  of  carbonic  anhydride 38-8 

After  absorption  of  the  oxygen  by  potassium  pyrogallate — 

Height  of  mercury  in  barometer  tube    .....  886*4 

„        „            corresponding  to  Division  No.  1    .  766-9 

Pressure  of  nitrogen     ........  128*6 

Pressure  of  oxygen  and  nitrogen 184*8 

nitrogen 128-5 

„  oxygen 56*3 

These  measurements,  therefore,  give  us  the  following  numbers : — 

Pressure  of  nitrogen 128-5 

„  oxygen       ........       56*3 

„  carbonic  anhydride      ......       38*8 

„  original  gas 223-6 

If  the  percentage  composition  of  the  gas  is  required,  it  is  readily 

obtained  by  a  simple  proportion,  the  temperature  having  remained 

constant  during  the  experiment : — 

22'?6     :     r28-5     :  ;     100     -.     5"469  per  cent.  N 
*""         25179  per  cent.  O 

17*352  per  cent.  CO, 
100-000 
If,  however,  it  is  necessary  to  calculate  the  number  of  cubic  centi- 
meters of  the  gases  at  0°  and  760  m.m.,  it  is  done  by  the  following 
formula ; — 


760  >fl  +  (0 003665  xl5-<)] " l'^'™  ""■  »' ""°8«°- 

8-6892  X  56-3  „ 

TtiO ,  [1  +(0003665Tl6-4)]-°''<"'  "■  "' "^^"^ 

>60»  [It  (0-003665  X  15-4)]  -<•"''  '■"■  »'  """»"'»  "^J^^'- 

8-6892x223-6  ,,„„  ,  ,        ... 

TO0in:n:"(O-003665xl5-«)] "  "'^^  "■  "'  ""  "l?"'  »»-  ' 
If  many  of  the  calculations  are  to  be  done,  they  may  be  very  much 
simplified  by  constructing  a  table  containing  the  logarithms  of  the 
quotients  obtained  by  dividing  the  contents  of  each  division  of  the 
tube  by  760  x  (1  +0003665i).  The  following  is  a  very  short  extract 
from  such  a  table : — 
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T° 

DlTidonKo-l. 

DlrUion  No.  3. 

15-0 

2-03492 

2  35511 

■1 

203477 

2-35496 

•2 

2-03462 

2-35481 

■3 

2-03447 

2-35466 

■i 

2-03432 

2-34451 

By  adding  the  logarithms  of  t^e  tensions  of  the  gases  to  those  in 
the  above  table,  the  logarithms  of  the  quantities  of  gases  are  obtained ; 
thus: — 

Ix^.  cocresponding  to  Division  Ko.  1, 

and  15-4'' 2-03432 

Log.  128 -5 —  pressure  of  nitn^n 
Log.  of  quantity  of  nitrogen 

Volume  of  nitrc^fen  at  0°  and  760  n 


Log.  56-3  =  pressure  of  oxygen 
Log,  of  quantity  of  oxygen    . 

Volume  of  oxygen  at  0°  and  760  n 

=  pressure  of  carbonic  anhy- 


0-U332  =  log.  1-3906 
1-3906  cc. 
2-0^43^ 

,     175051 

1-78483  =  log.  0-6093 
0-6093  cc. 
2-03432 


Log. 

dride 1-588S3 

Log.  of  quantity  of  carbonic  anhydride  .  1-62315  =  log.  0-4199 
Volume  of  carbonic  anhydride  at  0° 

and  760  m.m 0-4199  cc. 

2-03432 

Log.  223-6=pressure  of  original  gaa       .  2-34947 

Log.  of  quantity  of  original  gas      .         .  0-38379  =log.  2-4198 
:   of  original  gas   at   0°  and 


760  m.m.       . 

2-4198  cc. 

Nitrogen 

1-3906 

or     1-391  a. 

0-6093 

or     0  609  c. 

Carbonic  anhydride   . 

0-4199 

or     0-420  c 

Total      . 

2-4198 

or     2-420  c 

The  following  example  of  an  analysis  of  coal  gas  will  show  the 
mode  of  working  with  this  apparatus,  and  the  various  operations  to  be 
performed  in  order  to  determine  the  carbonic  anhydride,  oxygen, 
hydrocarbons,  absorbed  by  Nordhausen  sulphuric  acid,  hydrogen, 
marsh  gas,  carbonic  oxide,  and  nitrogen. 

The  measuring  tube  and  laboratory  tube  were  first  filled  with 
mercury,  some  of  the  gas  introduced  into  the  laboratory  tube,  and 
passed  into  the  a[:^>aratus. 
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The  gas  was  measuied  at  the  second  division. 

Height  of  mercury  in  the  barometer  tube        .        .  989*0 

„  „  „      meaBUring  tube         .         .  7068 

Pressure  of  the  gas  at  16-6°  282-2 

Two  or  three  drops  of  a  solution  of  potassium  hydrate  were  now 
placed  in  the  laboratory  tube,  and  the  gas  passed  from  the  measuring 
tube,  the  mercury  being  allowed  to  drop  through  the  gas  for  ten 
minutes.    On  measuring  again — 

Height  of  mercury  in  barometer     ....     984-0 
Some  saturated  solution  of  pyrogallic  acid  was  introduced  into  the 
laboratory  tube,  and  the  gas  lett  in  contact  with  the  liquid  for  ten 
minutes.    On  measuring — 

Height  nf  mercury  in  barometer     ....     983'6 

Height  of  mi-rcury  when  measuring  original  gas       .     9890 

after  absorption  of  CO,    .        .     984;0 

Pressure  of  CC*^    5^ 

after  absorption  of  COj     .         .     984-0 
„  „  after  absorption  of  O         .         .     983-6 

Pressure  of  0         Q-j 
The  volume  of  the  gases  being  proportional  to  their  pressures,  it  ia 
simple  to  obtain  the  percentages  of  carbonic  anhydride  and  oxygen  in 
the  original  gas. 


5-0       ::       100  1-772  per  cent.  COj 


283-2       ;       0-4       :  ;       100  Ojli2_pBr  cent.  0 

T9I4 
By  subtracting  1-91-1  from  100,  we  obtain  the  remainder,  98-086, 
ronsisting  of  the  hydrocarbons  absorbed  by  Nordhausen  sulphuric 
aciil,  hydrogen,  carbouiir  r>xide,  marali  gas,  and  nitroj,'i'n  :  thus  : — 

Original  gas 100-000 

0  and  COa 1-914 

CnHjU.  H.  CO.  CH^.  S '  98-086 

While  the  gas  remains  in  tlie  measuring  tube,  the  laboratory  tube 
is  removed,  washed,  dried,  iilled  with  mercury,  and  again  attached  to 
tlie  apparatus.  Jfuch  time  is  saved  by  replacing  the  laboratory  tube 
by  A  second,  which  was  previously  ready.  As  a  minute  quantity  of 
gas  is  lost  in  tliis  operation,  in  consequence  of  the  amount  between 
tlie  stop-cocks  being  replaced  by  mercury,  it  is  advisable  to  pass  the 
gas  into  the  laboratory  tube,  then  transfer  it  to  the  eudiometer,  and 
meatiure  again. 

On    renieasuring,    tbn    mfi-ciiry    in    tlie    bni-omctcr 

stood  at     ...."....     98.1-3 

The  mercury  in  the  measuring  tube         ,         .         .     706-8 

Pressure  of  CnH^n.  H.  CO.  Cllj.  X.    ""276^ 
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The  gas  ia  again  passed  into  the  laboratory  tubs,  and  a  coke  ball, 
soaked  in  fuming  aulphuric  acid,  left  in  contact  with  the  gaa  for  an 
hour;  the  bullet  is  then  withdrawn,  and  Bome  potasaium  hydrate 
introduced  and  left  in  the  tube  for  ten  minutes,  in  order  to  remove 
the  vapours  of  sulphuric  anhydride,  and  the  sulphuroua  and  carbonic 
anhydrides  formed  during  the  action  of  the  !Nordhausen  acid  on  the 
gas.     The  gas  is  now  measured  again. 

Height  of  mercury  in  barometer  tube     ,        .        .     9693 
„  „  „  before  absorbing 

CnHjU 983-3 

„  „  „  after  .         .     9693 

Pressure  of  CnH^n       14-0 
The  peicent^e  of  these  hydrocarbons  is  thus  found ; — 
Gas  containing  CnHji.  H.  CO.  CH..  N. 

CnH.n. 

276-5     :     140     :  :     98-086     :     4-966   per  cent.  CnHjn. 
It  now  remains  to  determine  the  hydrogen,  carbonic  oxide,  marsh 

gaa,  and  nitrogen  in  a  portion  of  the  residual  gas.  The  laboratory 
tube  is  therefore  removed,  some  of  the  gas  allowed  to  escape,  and 
another  laboratory  tube  adapted  to  the  apparatus.  The  portion  of  gas 
remaining  is  expanded  Co  a  lower  ring  (in  this  si>ecial  case  to  the  third 
division),  and  the  tension  measured  : — 

Height  of  mercury  in  the  barometer  tube        .        .     642-2 
„  „  measuring  tube        .         .     606-7 

Pressure  of  residue  35-5 
An  excess  of  oxygen  has  now  to  be  added.  For  this  purpose  the 
gas  is  passed  into  the  laboratory  tube,  and  about  five  times  its  volume 
of  oxygen  introduced  from  a  test  tube  or  gas  pipette.  The  necessary 
quantity  of  oxygen  is  conveniently  estimated  by  the  aid  of  rough 
graduations  on  tlie  laboratory  tube,  which  are  made  by  introducing 
successive  quantities  of  air  from  a  small  tube  in  the  manner  previously 
described  for  the  cahbralioii  of  the  eudiometers. 

After  the  introduction  of  the  oxygen,  the  mixed  gases  are  passed 
into  the  eudiometer  and  measured. 

Height    of    mercury     in     the     eudiometer     after 

addition  of  0 739-5 

The  mixture  has  now  to  be  exploJed,  and  when  tlis  pressure  is 
considerable,  it  is  advisable  to  expand  the  gas  so  as  to  moderate  the 
violence  of  the  explosion.  When  sufficiently  dilated,  the  stop-cock  at 
the  bottom  of  the  eudiometer  is  closed,  tlie  level  of  the  water  lowered 
beneath  the  platinum  wires  by  depressing  the  syphon,  and  the  spark 
pas.ied.  The  explosion  should  be  so  powerful  that  it  should  be 
audible,  and  the  flash  visible  in  not  too  bright  daylight. 

The  stop-cock  at  the  bottom  of  the  eudiometer  is  now  opened,  and 
the  gas  measured. 

Height  of  mercury  in  barometer  after  explosion       ,     732-5 
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The  difference  between  this  reading  and  the  previous  one  gives  the 
contraction  produced  \>y  the  explosion : 

Height  of  merciiT}'  in  barometer  before  exploeion    .    789*6 

after  „  732-C 

Contraction  =  C       57  "0 

It  is  now  necessary  to  estimate  the  amount  of  carbonic  anhydride 
formed.  This  is  done  by  absorbing  with  potassium  hj'drate  as  before 
described. 

Height    of     mercury    in     barometer     tube     after 

absorbing  C<.)j 716-8 

This  number  deducted  from  the  last  reading  gives  the  carbonic 
anhydride. 

Height  of  mercury  in  barometer  after  exploding  732'6 

„  „  „       after  abaorbmg  COj    715-8 

Carbonic  anhydride  =  D       167 

It  now  remains  to  detemine  the  quantity  of  oxygen  which  was  not 

consumed  in  the  explosion,  and  which  excess  now  exists  mingled  with 

the  nitrogen.     For  this  purpose,  a  volume  of  hydrogen  about  three 

times  as  great  as  that  of  the  residual  gas  is  added,  in  the  same  way  as 

the    oxygen   was    previously   introduced,   and   the  pressure   of    the 

mixture  determined. 

Height  of  mercury  in  barometer  after  adding  H     .     1031*3 
This  mixture  is  exploded  and  another  reading  taken. 
Height   of   mercury   in  barometer  after  exploding 

with  H 706-7 

This  number  subtracted  from  the  former,  and  the  difference  divided 
hy  3,  gives  the  excess  of  oxygen. 

Height  of  mercury  in  barometer  before  exploding 

withH 1031-3 

Height  of  mercury  in  barometer  after  exploding 

with  H 706-7 

3)    324-6 
Excess  of  oxygen     108-2 
In  order  to  obtain  the  quantity  of  nitrogen  in  the  gas  analyzed, 
this  number  has  to  be  deducted  from  the  volume  of  gas  remaining 
after  the  explosion  with  oxygen   and   the  removal  of   the  carbonic 
anhydride. 

Height  of   mercury  in   barometer  after  al>sorbijig 

CUj 715-8 

„  „         in  eudiometer  at  division  No.  3     606-7 

Nitrogen  and  excess  of  oxygen        ,         .         .  109 1 

Excess  of  oxygen  .        .        .        .        .        .        .108-2 

Niti-ogen         0  9 
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We  have  now  all  the  data  necessary  for  the  calculation  of  the 
composition  of  the  coal  gas.  It  is  first  requisite  to  calculate  the 
proportion  of  the  combustible  gas  present  in  the  coal  gas,  which  is 
done  by  deducting  the  sum  of  the  percentages  of  gas  determined  by 
absoiption  from  100. 

Percentage  of  carbonic  anhydride.  I'772 

„               oxygen  ......  0-142 

CnH^n J-966 

CO,.  0.  CnHjn  6-680 

Original  gas 100000 

COy  O.  CnHjn 6-880 

H.  CO.  CH^.  N  93120 

The  formulie  for  the  calculation  of  the  analysis  of  a  mixture  of 
hydn^n,  carbonic  oxide,  and  marsh  gas,  are  (see  page  539) — 

Hydrogen  ^  a;  =  A  -  D 

Carbonic  oxide  =y  =  ^^-^^  +  ^ 

,,     .                           2C-3A  +  2n 
Klaish  ga8         =  z=  s— — — 

A  =  35  5 -0-9  =  34-6 
C  =  57-0 
]>  =  16-7 
A=   34-6 
D  =    167^ 

1 7 -9  =  j:  =  Hydrogen  in  355  of  the  gas  exploded 
with  oxygen. 
A=   34-6  C=       570 

_  J  2 

3A  =  103-8  2C=     1140 

D=    16-7 


3A  +  D  = 

120-5 

2C  = 

1140 

3 

6-6  =3A-I-D-2C 

3A  +  D-2C 
3          ' 

^■167 -J 

=  Carbonic  oxide 

m  35-5  ot  the 

gas. 

D 

=     16-7 
2 

2D 

=  -33"4 

20 

=   1140 

2D  +  2C 

=    147-4 

3A 

=    103-8 
3)  43-6  - 

2D-t-2C-3A 

8D  +  2C-3A 

=     14-533 

=  £  =  Marsh  gas 

n  35-5  of  the 

Raa. 

.,oogic 


35-5  :  17-9 

35-5  :  2167 

36-6  :  14-533 

35-5  :  0-9 
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These  numbers  are  readily  transformed  into  percentages,  thus  : — 
:  9312  ;  46962  per  cent,  of  Hydrogen. 
93'12  ;     5'684  per  cent,  of  Carbonic  oxido. 
93-12  :  38-122  per  cent,  of  Marsh  gaa. 
93-12  :     2-361  per  cent,  of  Nitrogen. 

This   completes    the    calculations,   the  results  of  which   are  aa 
follows ; — 

Hydrogen 
Marsh  gas 
CnH,n  . 
Carbonic  oxide 
Carbonic  anhydride 
Oxygen  . 
Nitrogen 


It  is  obvious  that  this  analysis  is  not  quite  complete,  since  it  does 
not  give  any  notion  of  the  composition  of  the  liydrooarbons  absorbed 
by  the  Nordhansen  acid.  To  determine  this,  some  of  the  original 
gas,  after  the  removal  of  carbonic  anhydride  and  oxygen,  is  exploded 
with  oxygen,  and  the  contraction  and  carbonic  anliydride  produced 
are  measured.  The  foregoing  experiments  have  shown  the  effect  due 
to  the  hydrogen,  carbonic  oxide,  and  marsh  gas,  the  excess  obtained 
in  the  last  explosion  being  obviously  caused  by  the  hydrocarbons 
dissolved  by  the  sulphuric  acid,  and  from  these  data  the  composition 
of  tho  gas  may  he  calculated. 

It  may  be  remarked  that  analyses  of  this  kind  were  performetl 
with  the  apparatus  at  the  rate  of  two  a  day  when  working  for 
seven  hours. 

It  may  be  useful  to  show  how  this  analj-sis  appears  in  tlia 
laboratory  note-book : 

Analijm  of  Coal  Gem. 


989'0 
706'8 

2822 
98*0 

(16-6°) 
original 

Aft.  absorb.  CO, 

9860               9840 
9e4'0               983-6 

5-0-  CO,       0-4  =  0 
282-2  ;  5-0  :  :  100  ;  1-772  CO 
282-2  :  0-4  :  :  100  :  0-142  0 

983-3 

Aft.  absorb.  0 
Eemeasured 

1-914 

loo-ooo 
1-914  COj.  0 

&69'3 

Aft.  afewrb.  CnH,n 

98-086  CnH,n.  H.  CO.  CH.,  N 
983-3        983-3 
706-8        969-3 

276-5         14-0  CnHiU 
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642B- 

606-7 

35-6 
78g-6 

Portion  of 
Beeidue 

withO 

m-s 

AH.  eipl. 

716-8  Aft.  absorb. 

CO, 

1031-8 

"7067 
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346=H.CQ,  CH,-A 


CO,  =  1-772 

O  =  0'142 
CnHaN-.  4-968 


67-0=contrttctioii-C    16-7=CO,= 
1031-3  715-8 

7067  6067 

3)324-6  108'1-N  +  O 


E_,_A-D 

3A-2C  + 


-17-9 
=  a-167 
=  14683 
34600 


167      =I>                                  1140 

-3C 

C                     120-5     -.3A  +  D                     147-4 

-2C+2D 

114-0     =2C                            103-8 

=3A 

2C               3)     6-5     =8A  +  D-2C         3)436 

-2D  +  2C-3A 

2-167-,v-CO                       H-633 

-r-CH, 

100-000                               35-S  :  17-9      :  :  9313 

46-952  H 

6-880  CO.  0.  CnH^      35-5  :     2167  :  :  9312 

S-684C0 

35-5  :  14-633  :  :  9312 

3B-122Ca, 

93120  H.  C0.CH,.  N     35-6  :    0-9       :  :  9313 

2361  N 

H             =     46-962 

CH,         -     38122 

CnH^n     -       4-966 

CO           =       6-684 

CO,          =       1-772 

0              =       0142 

99-999 

It  is  assumed  in  the  above  example,  that  the  temperature  of  the 
water  in  the  cylinder  remained  constant  througliovit  the  period 
occupied  in  performing  the  analysis.  As  this  very  rarely  liappeus, 
the  temperature  should  be  carefully  read  off  after  every  measurement 
of  the  gaa  and  noted,  in  order  that  due  correction  be  made  for  any 
increase  or  decrease  of  volume  which  may  result  in  consequence. 
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THOKAS'S    HODI7IED     GAB    APPABATUS. 

In  the  Chanieal  Soeieti/'ii  Journal  for  May,  1879,  Thomas- 
described  an  appatatiu  for  gas  aualysia  (fig.  102)  which  has  tlie 
closed  pressure  tube  of  Frankland  and  Ward,  and  is  supplied  with 
mercuiy  by  means  of  the  flexible  rubber  tube  arrangeinent  of 
Mc  Leod.  The  manner  in  which  this  apparatus  :s  filled  with 
mercury  and  got  into  order  for  working  is  so  similar  ta  that  already 
described,  that  no  further  reference  need  be  made  thereto. 

The  eudiometer  ia  only  450  m.m.  long  from  shoulder  to  shoulder, 
and  the  lal)oratory  tube  and  mercuiy  trough  are  under  the  command 
of  the  operator  from  the  floor  level.  The  eudiometer  has  divisions 
20  m.m.  apart,  excepting  the  uppermost,  which  is  placed  as  close 
beneath  the  platinum  wires  as  is  convenient  to  obtain  a  reading.  The 
method  explained  in  sequel  of  exploding  combustible  gases  under 
reduced  pressure,  without  adding  excess  of  gas  to  modify  the  force 
of  the  explosion,  permits  t)ie  shertening  of  the  eudiometer  as  above, 
and  enables  the  apparatus  to  lie  so  erected,  that  a  long  column  of  the 
barometer  tube  shall  stand  above  the  summit  of  the  eudiometer.  By 
means  of  such  an  arrangement  a. volume  of  gas  may  be  measured 
under  nearly  atmospheric  pressure,  and  as  this  pressure  is  equal  to 
more  than  TOO  m.m.,  plus  aqueous  tension,  the  sensitiveness  of  the 
apparatus  is  confide rably  augmented.  The  barometer  tube  is  1000  m.m. 
in  length,  having  about  TOO  m.m.  lines  above  Division  2  on  the 
eudiometer.  The  steel  clamp  and  facets  forming  the  connections 
between  tlie  eudiometer  and  detachable  laboratory  tube  of  the 
apparatus  previously  descriljed  are  dispensed  with,  as  in  this  form  th© 
eudiometer  and  laboratory  vessels  are  united  by  a  continuous  capillary 
tube,  12  m.m.  (outside)  diameter,  and  one  three-way  glass  tap  ia 
employed  in  lieu  of  the  two  stop-cocks.  The  arrangement  is  simple. 
The  glass  tap  is  hollow  in  the  centre,  and  through  this  hollow  a 
communication  is  made  with  the  capillary,  by  means  of  which  eiUier 
the  laboralory  tube  or  the  eudiometer  can  be  washed  out.  As  the 
laboratory  vessel  is  not  disconnected  for  the  removal  of  the  reagent 
used  in  an  absorption,  it  is  supported  by  a  clamp,  as  shown  in  the 
drawing ;  and  when  it  requires  washing  out  the  mercury  trough  ia 
turned  aside  in  order  that  an  enema  syringe  may  be  used  for  injecting 
a  stream  of  water.  A  few  drops  of  water  are  let  fall  into  the  hollow 
of  the  tap,  and  blown  through  the  capillary  tube  tliree  times  in 
succession,  so  as  to  get  rid  of  the  absorlient  remaining  in  the  capillary, 
then  the  syringe  is  brought  into  play  once  more^  the  excess  of  wat«r 
removed  by  wiping,  and  the  trough  turned  back  into  position.  The 
laboratory  tube  may  be  refilled  with  mercury,  as  described  on 
page  553 ;  but  it  will  be  found  much  more  serviceable  if  a  double- 
acting  syringe,  connected  to  a  bulb  apparatus  (to  catfh  any  mercury 
that  may  come  over),  and  then  to  the  orifice  of  the  hollow  in  the  tap 
by  a  ground  perforated  stopper,  he  used,  aa  this  will  obviate  the 
destructive  eflect  of  heavy  suction  upon  the  gums  and  teeth.  The 
mercury  trough  is  supported  upon  a  guide  which  travels  over  the 
upright  U,  and  is  turned  aside  for  the  purpose  of  washing  out  th& 
laboratory   vessel    in    the  following   manner : — The  spiral  spring  ia 
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depressed  by  means  of  the  tenBion  rods  until  the  slot  ia  brought  below 
the  stud  fixed  in  the  upright  U ;  and  the  top  ferrule  holding  the 
guide  rods  being  movable,  the  trough  can  be  turned  round  out  of  the 


way,  but  is  preventetl  from  coming  in  contact  with  the  glass  water- 
cylinder  by  an  arrangement  in  the  top  of  the  guide,  wliich  comes 
against  the  stud  in  the  upright.     The  height  of  the  trough  car  be 
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accurately  adjusted  by  the  screw  in  the  top  of  the  lever  guide.  When 
the  trough  ia  in  position,  tlie  clamp  holding  the  laboratory  veaeel  may 
be  loosed  when  necessary. 

The  eudiometer  and  Imrometer  tubes  pass  through  an  india-rubber 
oprk,  as  in  Mc  Leod's  apparatus,  but  are  not  supported  by  the 
clamp  C,  vhich  here  simply  bears  the  water-cylinder.  No  glass  stop- 
cocks are  used,  or  glass  work  of  any  kind  employed  in  the  construction 
of  the  lower  portion  of  the  apparatus.  The  lower  end  of  the 
eudiometer  has  a  neck  of  the  same  outside  diameter  as  the  barometer 
tube  (9'5  m.m.),  and  both  tubes  are  fixed  into  the  steel  block  X, 
without  rigidity,  by  the  usual  steam  cylinder  gland  arrangement, 
small  india-rubber  rinjrs  being  used  to  form  the  packing.  The  steel 
block  is  fixed  to  the  table  by  a  nut  screwed  upon  the  |-inch  bydrouiic 
iron  tube,  which  runs  to  the  bottom  of  the  table.  The  tap  in  the  steel 
block  is  80  devised  that  it  first  cuts  off  connection  with  the  barometer 
tul>e,  in  order  that  the  gas  may  be  drawn  over  from  the  laboratory 
vessel  into  the  eudiometer  without  risking  the  fracture  of  the  upper 
end  of  the  barometer  tube  by  any  sudden  action  of  the  mercury.  This 
precaution  is  necessary,  as  during  the  transferring  of  the  gas  the 
mercury  in  the  barometer  tube  is  on  the  point  of  lowering,  to  leave 
a  vacuous  apace  in  the  summit  of  the  tutie.  By  moving  ^e  handle 
a  little  further  on  the  quadrant  a  commuaication  ia  made  with  both 
tubes  and  the  reservoir  for  the  purpose  of  bringing  the  gas  into 
position,  so  as  to  take  a  reading;  then  the  handle  is  drawn  a  little 
further  to  cut  off  the  reservoir  supply,  whilst  there  is  a  way  still  left 
between  the  eudiometer  and  barometer  tubes,  and  if  the  handle  be 
drawn  forward  a  little  more,  all  communication  is  cut  off  for  the 
purpose  of  exploding. 

The  windlass  P,  for  raising  and  lowering  the  mercury  reservoir  L,  is 
placed  beneath  the  table,  in  order  that  it  may  be  under  command 
from  a  position  opposite  the  laboratory  vessel,  and  it  is  furnished  with 
a  spring  ratchet  motion,  so  as  to  be  worked  by  one  hand.  The  water- 
cylinder  should  be  four  inches  in  diameter,  and  the  casing  tube  of  the 
barometer  as  wide  as  practicable,  so  that  the  temperature  of  the 
apparatus  may  be  maintained  as  constant  as  possible.  To  attain  an 
accurate  result  it  is  as  essential  to  keep  the  barometer  tube  of  uniform 
temperature  as  the  eudiometer,  since  the  tension  of  aqueous  vapour 
varies  proportionately.  The  stream  of  water  from  the  service  main  is 
run  into  the  casing  tube  at  the  upper  end  of  the  barometer,  and, 
whilst  the  water-cylinder  is  filling,  the  tap  at  the  bottom  is  opened 
alightlj',  so  that  water  may  run  out  very  slowly.  When  the  water- 
cylinder  is  full,  the  upright  tube  G  acts  as  a  siphon,  and  sucks  out  the 
excess  of  water  from  the  top  of  the  cjhnder,  thus  keeping  up  the 
circulation  at  the  pouit  where  it  is  most  required,  lor  a  further 
detailed  description  of  tlie  a)  jaratus  see  J  C  i  ,  Mai,  1879 

There  are  only  two  working  taps  upon  tlii"  apparatus— the  three- 
way  glass  tap  between  the  eudiometer  and  laboratorj  tube,  and  the 
steel  cap  at  the  lower  ends  i)f  tlie  barometer  and  eudiometer  The 
steel  tap  is  jjreaeed  with  a  little  beef  tallow  (made  from  clean  beef 
Buct),  or  with  real  Ku==ian  tallow,  it  will  last   for  twelve   months 
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without  further  attention.  A  moderately  thick  washer  of  india-rubber, 
placed  between  the  steel  washer  and  the  nut  at  the  end  of  the  steal  tap, 
adds  greatly  to  the  steady  working  of  tlie  needle  on  the  quadrant. 
Moderately  soft  resin  cerate  is  heat  for  the  glass  tap. 

"When   filling   the   laboratory    vessel    with    mercury,    auction    is 
maintained  until  the  mercury  has  reached  some  height  in  the  hollow 
of   the   three-way   tap.     The    remainder    of    the    hollow    space    is 
replenished  by  pouring  the  mercury  from  a  small  crucible ;  any  water 
that  may  be  present  is  then  removed,  and  the  small  stopper  inserted. 
When  the  laboratory  vessel  lias  to  be  washed  out  after  an  absorption, 
the  gas  is  transferred  to  the  eudiometer  until  the  absorbent  gets  within 
a  quarter  of  an  inch  of  the  stop-cock.     The  mechanical  arrangement 
should   be   so   manageable    that   this   nicety  of  adjustment   can  be 
accomplished  with  ease.     Much  depends,  of  course,  upon  the  care 
bestowed  in  cerating  the  tap,  so  that  the  capillary  is  not  carelessly 
blocked   up.     As    soon  as    the   gas  has   passed  over  to  the  extent 
required,  turn  the  three-way  tap  until  the  through-way  is  at  right 
angles  to  the  capillary,  and  the  way  to  the  hollow  of  the  tap  is  in 
communication  with  the  laboratory  vessel,  then  take  out  the  little 
stopper  from  the  hollow,  so  that  the  mercury  shaD  flow  out,  and  allow 
the  laboratory  vessel  to  become  emptied  whilst  the  reading  of 'the 
volume  of  the  gas  is  being  taken.     The  l)est  arrangement  for  washing 
out    the    laboratory    tube    is    a    "syphon    enema,"   fig.    103    (Dr. 
Higginson's  principle,  which  may   be   obtained  of  any   druggist), 
adapting  in  the  place  of  the  usual  nozzle  a  bent  glass  tube.     This 
syringe  is  constant  in  its  action,  aa  it  fills  itself  when  the  pressure  is 
released,  if  the  tube  at  the  lower  end  ia  placed  in  a  vessel  of  water. 
The  laboratory  vessel  can  be  washed  out  and  refilled  in  a  very  little 
time,  as  it  ia  already  connected,  and  for  all 
ordinary  absorptions  it  is  sufQcient  to  wipe 
the   vessel  out   once  by  passing  up  a  fine 
towel  twisted  on   a   round   stick.      When 
CnHjU  gases  are  to  be  absorbed  by  fuming 
sulphuric  acid,  the  water  should  he  carefully 
blown   out  of  the  capillary  tube  into  the 
laboratory  vessel,  which  must  he  repeatedly 
dried.     A   few   drops    of  strong  sulphuric 
acid  were  at  first  run  into  the  hollow  of  the 
tap  and  then  through  the  capiUary  whilst 
the  lahoratorj-  vessel  was  full  of  mercury,  in 
order  to  remove  any  moisture  remaining,  but 
it  has  since  been  found  unnecessary,  as  the 
drying  can  be  performed  thoroughly  vrithout. 
To  calibrate  the  eudiometer  with  water, 
introduce  the  quantity  required  through  tlie 
hollow   in   the  stopper,    then   remove  the 
latter,  and  collect  the  water  in  a  light  flask 
from  the  bottom  of  the  tap-socket. 

In  the  same  paper  (/.  C.  S.,  May,  1879), 
Thomas    pointed    out    that    it  was   not  ''S-  ^"^ 
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essential  to  add  excess  of  either  oz}'gen  or  hydrogen  for  the 
purpose  of  modifying  the  faica  of  the  explosion  when  c<nn- 
buatible  gases  wei«  under  analysis,  and  it  is  necessary  to  take 
advantage  of  this  when  working  with  so  short  an  eudiometer. 
The  method  is,  however,  applicable  to  all  gas  apparatus  baTii^ 
a  reasonable  length  of  harometer  column  above  the  eudiometer; 
in  fact,  the  exploding  pressures  were  first  worked  out  and 
employed  in  an  apparatus  on  McLeod's  model  When  the 
percentage  of  oxygen  in  a  sample  of  air  has  to  be  determined  by 
explosion,  only  one-half  its  volume  of  hydrogen  is  required,  and  tbs 
pressure  need  not  be  reduced  below  400  m.m.  If  much  more  than 
one-half  volume  of  hydrogen  has  been  added  by  accident,  explode 
under  atmospheric  pressure.  When  the  excess  of  oxygen  used  in  an 
analysis  has  to  be  determined,  add  2'5  times  its  volume  of  hydrogen, 
and  reduce  the  pressure  to  180  m.m.  of  mercury  before  exploding. 
After  adding  the  hydrogen  and  the  reading  has  been  taken,  the  gas  is 
expanded  by  lowering  the  mercurial  reservoir  until  a  column  ot 
mercury,  measuring  the  number  of  m.ni.'s  in  length  Juat  referred  to 
and  in  the  following  table,  stands  above  the  meniscus  of  the  mercury 
in  the  eudiometer.  This  column  can  be  read  off  quite  near  enough  by 
the  eye,  as  there  is  no  risk  of  breaking  the  apparatus  by  the  force  of 
the  explosion  if  the  pressure  is  20  m.m.  greater  than  tliat  given; 
but  if  tlie  gas  under  analysis  is  all  combustible,  it  is  better  to 
explode  ^t.a  slightly  less  pressure  than  to  exceed  that  recommended. 


1!' 

ii 

i« 

1 

200  m.m. 

I 

200  m.m. 

2-5 

170  m.m. 

3 

150  m.m. 

3-5 

145  m.m. 

4 

HO  m.m. 

6 

135  m.m. 

5-5 

130  m.m. 

6 

125  m.m. 

7 

120  m.m. 

Hydrogen       -        -        -        . 

Carbonic  O.tiiie 

Marsh  Gas     .        .        .        . 

Acetylene        -         -         ■   .      - 
Oleliant  Gas    -         -     ,    - 
ilethyl  and  Hydride  of  Ethyl  - 

Propyl 

Hydride  of  Propyl  -         -         - 

Butyl 

Ethyl  and  Hydride  of  Butyl    - 


It  follows,  naturally,  tliat  the  exploiliiig  pressure  will  dejicnd  upon 
the  iiroportiou  of  conibustiblc  gag  introduced ;  and  experience  alone 
can  cnaijle  one  to  determine  with  any  dosree  of  e.-oictness  what  that 
pressure  muat  be,  as  no  general  law  can  be  Utid  down.  For  instance, 
if  more  tlian  thiiie  volumes  of  hydrofjen  were  added  to  one  of  oxygen, 
the  exploding  pressure  should  exceed  200  m.m. ;  and  if  much  mtr<^n 
or  other  gas  were  proscut  tliat  did  not  take  a  uart  in  the  reaction,  the 
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pieBBure  should  be  etill  more  increased.  As  a  consequence,  the  same 
experience  is  necessary  when  dealing  with  explosive  gases  by  the  other 
method,  because  the  addition  of  too  much  inert  gas,  with  a  view  to 
modify  the  force  of  the  explosion,  may  lead  to  imperfect  combustion, 
iaasmuch  as  the  cooling  effect  of  the  tube  and  gas  can  reduce  th« 
temperature  below  that  required.  In  all  instances,  when  the 
approximate  composition  of  the  gas  is  known,  it  is  not  difficult  to 
determine  the  quantity  of  oxygen  or  hydrogen,  as  the  case  may  be, 
which  is  required  for  explosion,  or  the  pressure  under  which  the  gas 
should  be  exploded.  In  order  to  do  this  systematically,  it  is  always 
well  to  remember  certain  points  observed  during  the  stages  of  the 
analysis.  The  gss  in  the  laboratory  vessel,  before  being  transferred  to 
the  eudiometer,  occupies  a  certain  volume  in  a  position  between  (or 
otherwise)  the  calibration  divisions.  After  transferring  and  reading 
off,  bear  in  mind  the  number  of  m.m.'s  which  the  volume  represents ; 
and  calculate,  as  the  gas  is  being  re-trausferred  to  the  laboratory 
vessel  to  be  mixed  with  that  employed  in  the  explosion,  the  he^ht  at 
which  the  mercury  should  stand  in  the  barometer  tube  when 
measuring  the  mixed  gases,  and  how  much  of  the  laboratory  vessel 
was  occupied  on  a  previous  occasion  when  a  similar  reading  was 
obtained.  If  this  is  done,  one  can  realize  at  once,  after  reading  off  the 
volume  of  the  mixed  gases,  the  proportion  of  combustible  gas  added, 
and  the  pressure  under  which  the  gas  has  been  measured.  Another 
glance  at  the  volume  which  the  gas  occupies  in  the  eudiometer,  with 
a  comparison  of  the  pressure  recorded  upon  the  barometer  tube, 
enables  one,  after  a  little  practice,  to  at  once  expand  the  mixture  to 
the  point  at  which  it  will  explode  with  satisfactory  results.  It  is  not 
expedient  to  place  too  much  reliance  upon  the  marks  showing  equal 
volumes  upon  the  laboratory  vessel,  especiaLy  when  dealing  with 
small  quantities  of  gas ;  and  a  comparison  of  the  volumes  obtained  in 
reading  before  and  after  the  addition  of  oxygen  or  hydrogen  is  always 
prudent,  in  order  to  see  tliat  sufficient  gas  has  been  added,  as  well  as 
to  enable  one  to  judge  the  pressure  under  which  the  gas  should  be 
exploded. 

NoTK.—UeT Broad  Senbert  (Z.  i.  C.  iiIt.  tU)  bare  duijasl  a.  pu  appantiu  similu' 
In  Dmn*  mpeoM  to  thni  of  He  Lood  anl  TbimitB,  hnt  of  simp W  cod nruction,  and 
evpecioU;  Hdftpted  for  expLoilDn]  under  dimiuiAhei  preaaure, 

SODEAIT'8     GAS    APPAHATtTS. 

This  form  of  instrument  is  shown  in  fig.  104,  and  is  described  in 
a  paper  read  by  W.  R  Sodeau  Iwfore  the  Newcastle  Section  of  the 
Society  of  Cheniical  Industry,  and  is  printed  in  full  in  the  journal  of 
tliat  Society  (xxii.  187).  It  is  an  improved  form  of  an  instrument 
previously  devised  by  Macfarlane  and  Caldwell,  and  in  its  present 
state  is  adapted  for  gas  analysis  of  the  liighest  accuracy.  *  In  addition 
to  this,  its  cost  is  much  less  than  most  of  those  which  have  been 
previously  described. 

Uesckiption  ok  the  Apparatus. ^The  measuring  jwrts  are  fitted 
into  a  glass  water  jacket,  which  is  held  in  position  by  means  of  a  cork 

■Brady  and  Martin  of  Mewoutle-on-Tyne  bib  the  original  miketa. 
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at  A  and  a  band-clip  at  K  The  measuring  tube  M  13  of  60  cc, 
capacity  graduated  in  ^V  c.o.  Its  upper  end  terminates  In  a  capillary 
bearing  a  three-way  stop-cock.  When  examining  samplefl  which 
leave  a  large  residue  after  absorption,  etc.,  it  is  convenient  to  replace 
the  usual  tube  of  uniform  diameter  by  one  having  a.  bulb  at  its  upper 


Pig.  104. 
end.  The  zero-point  is  at  the  outer  aide  of  the  three-way  atop-cock  N, 
which  is  placed  horizontally.  The  bent  tube  TJ,  partly  filled  with 
water,  can  be  connected  with  the  oapillafy  K  through  the  etop-atock. 
The  level  tube  L  is  straight,  with  stop-cock  at  top,  and  communicatee 
with  the  measuring  tube  by  a  branch  so  bent  as  to  prevent  anj 
bubbles  rising  from  below  from  passing  into  the  measuring  tube.  The 
lower  end  is  connected  to  a  T  piece,  one  end  of  which  has  a  stop-cock 
and  leads  to  the  mercury  reservoir,  and  the  other  is  prolonged  across 
the  table  to  a  point  near  the  reading  telescope,  where  it  terminates  in 
a  thick  piece  of  rubber  tubing  compressed  by  a  screw  clip  having 
a  broad  bearing  surface.  This  is  used  as  a  fine  adjustment  when 
levelling  the  mercury.     The  graduations  are  on  the  side  next  the 
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teleacope,  and  the  stop^Mwks  are  worked  from  the  opposite  aide.  This 
arrangement  renders  it  possible  to  have  the  reading  telescope  on  the 
gas  analysis  table  instead  of  on  a  separate  support,  and  so  adds  to  the 
compactness  and  convenience  of  the  apparatus.  The  graduations  can 
be  ilhiminated  by  an  electric  lamp  behind  a  ground  glass  screen, 
having  its  upper  portions  rendered  opaque  in  order  to  prevent 
troublesome  reflection  of  light  from  the  surface  of  the  mercury. 

Correction  for  variation  of  temperature  and  pressure  is  simplified  by 
the  use  of  the  "  Kew  principle  "  correction  tube  C.  This  consists  of  a 
cylindrical  bulb  provided  with  a  stopcock  and  attached  to  a  U  tube 
graduated  on  the  narrow  limb  and  partially  filled  with  water.  The 
volume  of  air  contained  in  the  bulb  ia  such  that  the  water  is  displaced 
to  the  extent  of  one  small  division  by  a  change  of  temperature  and 
atmospheric  pressure  which  will  cause  a  gas  to  experience  an  alteration 
of  volume  amounting  to  O'l  per  cent.  The  scale  is  observed  by 
means  of  a  mounted  lena  and  the  small  divisions  afe  further  sub- 
divided into  tenths  by  eye  estimation.  The  water  is  brough* 
approximately  to  the  zero  mark  at  the  beginning  of  an  analysis  by 
momentarily  opening  the  stop-cock,  and  the  corrections  are  read 
directly  in  percentages  as  easUy  as  the  temperatures  would  be  read  by 
means  of  a  thermometer. 

MsrHOD  OF  PKOCitnrrBB  :  Introduce  the  gu  into  the  meaauring  tube  M  by 
lowering  the  rerervoir.  Bougfaly  level  the  mercury  and  turn  the  stopcock  N  go 
as  to  connect  K  with  the  tube  U.  Place  the  absorption  pipette  in  iKmilioa  and 
ODQaect  it  to  tbe  measuring  apparatus  by  thick  niilled  rubber  tubing,  the  glass 
ends  being  made  to  meet, 

Snck  a  little  water  from  U  into  F,  and  allow  mercury  to  nm  bock  and  Sll  the 
capillaries. 

Let  the  capacity  of  the  bnlb,  tt^ethsr  with  that  of  the  portion  of  the  tube 
which  is  above  tbe  zero  poiDt  =  S  o.c,  and  assume  the  atmoBpneric  pressure  to  be 
760  m.m.  Then  if  a  chan^  which  would  lead  to  a  1  per  cent,  increase  of 
volume  is  to  give  0'6  c.o.  displacement  of  water,  and  this  results  in  a  disturbance 
of  level  amounting  to  N  m.m.,  it  follows  that 

No  appreciable  error  is  likely  to  be  introduced  by  the  atmospheric  pressure 
markedly  deviating  from  tbe  valve  assumed  in  this  calcuUtion. 

If  the  inlemal  diatneten  of  the  two  limbs  of  tbe  U  tube  are  dj  m.m.  and 
d,  m.m.  respectively,  then 

636-6    636'6       ,„     60d,' dj'+ 31  (di'  +  d,') 
ri  ^   J  J    +  -jT"  and  A ~ ~~rTij~i — a.a/j  a'l  j  x^^ 
Ql'  dj'  d]"  d)"— 6B(Qi  +0]  J 

Example.— If  di-6-9  m.m.  and  dj-lS'S  m.m.,  then  N  =  18'35  +  2-65-16-0 

and  X  =  59-4cc. 

Neit  close  the  stop-cock  leading  to  the  large  mercury  reservoir,  make  sura 
that  the  level  tube  is  in  free  communiotion  with  the  atmosphere,  and  level 
accurately  by  meaos  of  the  screw  clip  which  acts  as  a  fine  adjustment  and  which 

•  The  Absorption  PlpsttB  diffei»  (rom  ttat  of  MnotarlBne  and  Caldwell  In  two 
imoorwnt  point*  Fir&l  the  lower  bulb  E,  of  about  SO  o.o.  oai«c!tT,  l9  inclined  so  tb»t 
thennabsorbed  gat  ingj  readilj  be  returmed  to  the  mMsurlng  ve>Ml  withoot  tildng  the 
whole  api>iinituH,  Second,  the  oouneclion  is  made  bv  meani  of  a  Ibree-WM  stop-oook  ao 
that  the  aiplllaTT  G  maj  be  oonnecled  eithOT  wit^  E  ^'"^'''^^^^q'^'^*^,';'^ 
treThom  appreciable  oneyenneea.  It  i»  important  'hat  the  bore  of  these  tuba  ahanld 
neither  eiceed  Vi  m.ui.  nor  be  low  than  1  nun.,  and  their  eitental  diameter  should  be 
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CoiT»otion.  "—' ""T  Coneotod  Badlng. 

-t-O'Ol  per  cent.  46-^7  o.o.  49-99  CO. 

The  gas  is  next  sent  oTer  into  the  sbaorptioa  pipette,  followed  bj  Bufficietit 
mercu^  to  olesr  the  capillarie*,  uid  the  pipette  BhtJien  with  the  stop-cock  olosed, 
UDtil  a.bsorptioii  is  complete.  Bun  over  ft  little  more  meroury  in  order  to  clear 
abgorbeiit  from  the  capillary  between  E  and  H.  Send  the  abiied  mercurj  in  the 
capillariee  into  U.  IVhen  the  gus  reaches  N  turn  the  ntopcock  and  run  it  into 
the  messurin([  tube,  controlling  tbe  rato  bj  H.  The  absorbent  is  readily  stopped 
when  it  reachet  H  and  the  capillary  is  cleared  of  gaa  by  means  of  clean  mercury 
from  F,  this  being  stopped  as  eoou  m  it  reaches  N.  It  is  tMlTisable  to  turn  the 
stopcock  N  BO  u  to  place  K  in  communication  with  U  whilst  removing  a  pipette. 
B^  means  of  s  retort  stand  a  small  eiapoiating  haain  may  be  supported  about 
2  mchec  below  G  in  order  to  catoh  drops  of  mercury. 

If,  as  in  the  otimation  of  carbon  monoxide,  it  is  neceseary  to  subject  the  gas 
to  more  than  one  treatment  with  an  abwrbent,  the  Brst  pipette  ii  brought  into 
direct  connection  with  the  second  and  ihe  gas  transferred.  With  fuming 
sulphuric  acid  as  an  absorbent,  no  mercurj  is  used  in  E,  a  U  tube  with  pumice 
and  stroQg  sulphuric  acid  n  attached  to  D  to  prevent  access  of  moisture,  and  the 
mercury  from  the  capillaries  is  driven  into  F.  Tbe  explosion  pipette  is  similar 
to  Dittmar's.  but  with  tiie  special  atop-cock  and  mercury  bulb  as  in  the 
abaorption  pipettes. 

The  phospliorua  pipetle  consists  of  an  ordinary  Orsat's  phosphorus  pipetto 
fitted  with  a  horizontal  stop-cock  and  fixed  in  a  tin  water  vessel  with  aperture  for 
thermometer. 

The  advantages  of  the  apparatus  as  compared  with  that  of 
Macfarlane  and  Caldwell'a  are — 

An  accuiate  correction  tube,  which  reallj  eaves  time  and  trouble. 

A  means  of  accurately  adjusting  the  level  ot  Uie  mercury  without  taking 

one's  eye  from  the  reading  telescope. 
Greater  cleauliuess  of  the  mercury  ia  the  measuring  tube  towards  the  end  of 

an  analysis. 
The  possibility  of  washing  out  the  measuring  tube,  in  case  of  accident,  at 

any  stage  whilst  the  gas  is  in  one  of  tbe  pipettes. 
Direct  transference  from  pipette  to  pipette  when  desired. 
The  measurine  tube  conalant  in  position. 

A  good  illumination  for  reading  always  obtainable  without  trouble. 
Enplogion  in  a  separate  pipette. 

Advantages,  as  compared  with  the  Dittmar  or  similar  apparatus — 


Easier  manipulation  and  greater  cleanliness,  especially  as  r^ards  the  fat* 

introduction  of  absorbent  into  the  measuring  tube. 
Pipettes  giving  more  surface  and  belter  agitation. 
A  considerable  reduction  in  tbe  amount  of  mercury  required. 

KEISEK'S    PORTABLE    GAS    APPAEATUS. 

This  ajiiwratuB  is  based  on  the  principle  of  determining  the  volume 
of  a  gas  from  tlie  weight  of  mercury  which  it  may  be  made  to  displace 
at  a  knowTi  temperature  and  pressure.  It  dispenses  entirely  with  the 
iong  graduated  tubes  and  other  vessels  common  to  the  apparatus 
previously  described,  without  any  sacrifice  of  accuracy. 
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The  following  description  occurs  in  the  j4"i«-.  Chem.  Joum.,  1886 
(hut  is  reproduced  here  from  The  Analyd  xi.  106) : — 

Fig.  105  ahowB  the  conetmction  of  the  measuring  apparatus  and  the 
ahsorption  pipette.     A  is  the  measuring  apparatus,  fi  is  the  absorption 
pipette ;  a  and  b  are  glass  bulhs  of  about  150  c.c.  capacity.     They  are 
connected  at  the  bottom  by  a  glass  tube  of  1  m.m,  bore,  carrying  the 
tiiree-way  stop-cock  d.     The  construction  of  the  key  of  the  stop-cock 
is  shown  in  the  mai^in.    One  hole  is  drilled  straight  through  the  key, 
and  by  means  of  this  the  vessels  a  and  h  may  be  made  to  communicate. 
Another  opening  is  drilled  at  right-angles  to  the  first,  which  com- 
municates with  an  opening  extending  through  the  handle,  but  does  not 
communicate  with   the   first  optening.     By  means  of  this,   mercury 
contained  in  either  a  or  6  may  be  allowed  to  flow  out  through  the 
handle  d  into  a  cup  placed  beneath.     The  biUb  b  is  contracted  at  the 
top  to  an  opening  20  m.m.  in  diameter.     This  is  closed  by  a  rubber 
stopper  carrying  a  bent  glass  tube,  to  which  is  attached  the  rubber 
pump  e.     To  a  second  glass  tube  passing  through  the  stopper,  a  short 
piece  of  rubber  tubing  with  a  pinch-cock  is  attaclied.     By  means  of 
the  pump  e  air  may  be  forced  into  or  withdrawn  from  6,  as  one  or  the 
other  end  of  the  pump  is  attached  to  the  glass  tube.     The  bulb  a 
terminates  at  the  top  in  a  narrow  glass  tube,  to  which  is  fused  the 
three-way    stop-cock    e. 
The  construction  of  the 
key  of  this  stofi-cock  is 
also  shown  in  the  cut. 
By  means  of  it  the  vessel 
a    may    be    allowed    to 
communicate   with    the 
outside  air,  or  with  the 
tube     passing     to     the 
absorption     pipette,     or 
with  the  gauge  g.     The 
gauge  (/  is  a  glass  tube 
having  a  bore  1  ni.m,  in 
diameter  and   bent,    as 
shown  in  the  figure.   By 
pouring  a  few  drops  of 
water  into  the  open  end 
Kg,  106.  of  this  tube  a  column  of 

.  water  several  centimeters 
high  in  both  limbs  of  the  tube  is  obtained.  This  serves  as  a 
manometer,  and  enables  the  operator  to  know  when  the  pressure  of 
the  gas  equals  the  atmospheric  pressure.  To  secure  a  uniform 
temperature,  the  bulbs  a  and  b  are  surrounded  by  water  contained  in 
a  glass  vessel.  This  vessel  for  holding  water  is  merely  an  inverted 
bottle  of  clear  glass  from  which  the  bottom  has  been  removed.  The 
handle  of  the  stop-cock  d  passes  through  a  rubber  stopper  in  the  neck 
of  the  bottle.  A  thermometer  graduated  to  -J®  is  placed  in  the  water 
near  the  bulb  a.  The  whole  ap^mratus  is  supported  upon  a  vertical 
wooden  stand. 
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The  absorption  pipette  B  consistB  of  two  nearly  spherical  glass 
bulbs  of  about  300  c.c  capacity.  They  communicate  at  the  bottom 
by  means  of  a  glass  tube,  3  m.m.  inside  diameter,  c '  is  a  tw^o-way 
stop-cock.  The  holes  in  the  key  are  drilled  at  right-angles,  so  that  the 
tube  which  connects  with  the  measuring  apparatus  may  be  put  in  com- 
munication either  with  the  funnel  or  with  the  absorption  bulb.  The 
funnel  is  of  service  in  removing  air  from  the  tube  which  connects  the 
measuring  apparatus  with  the  absorption  pipette.  By  pouring  mercury 
oi  water  into  tlie  funnel  and  turning  the  atop-cocks  c'  and  c  in  the 
proper  directions  all  the  air  is  readily  removed.  /  is  a  rubber  pump 
used  in  transferring  gas  from  B  to  A.  The  lower  part  of  the  pipette 
contains  mercury,  which  protects  the  reagent  from  the  action 
of  the  air. 

To  measure  the  volume  of  a  gas,  the  vessel  a  is  filled  completely 
with  pure  mercury.  This  is  easily  accomplished  by  pouring  the 
mercury  into  h,  and  then,  after  turning  c  luitil  a  communicates  'with 
the  outaide  air,  forcing  it  into  a  by  means  of  the  pump  e.  Any 
excess  of  mercury  in  h  is  tlien  allowed  to  flow  out  tbrough  the  stop- 
cock d.  When  a  and  h  are  now  placed  into  communicatiou  the 
mercury  will  flow  from  a  to  6,  and  gas  will  be  drawn  in  through  the 
stop-cock  c.  The  volume  of  mercury  which  flows  into  h  is  equal  to 
the  volume  of  gas  drawn  into  u.  When  the  mercury  no  longer  rises 
in  h,  and  it  is  desired  to  draw  in  still  more  gas  into  a,  then  it  is  only 
necessary  to  exhaust  tlie  air  in  h  by  means  of  the  pump  «.  After  the 
desired  quantity  of  gas  has  been  drawn  into  a  the  etop-cock  c  is 
closed.  After  standing  a  few  minutes  the  temperature  of  tlie  gas 
becomes  tlie  same  as  tlmt  of  the  water  surrounding  a.  The  pressure 
of  the  gas  is  tlien  made  approximately  equal  to  atmospheric  pressure 
by  allowing  the  mercury  to  flow  out  of  h  into  a  weighed  beaker  placed 
beneath  the  stop-cock  d  until  it  stands  at  nearly  the  same  level  in 
both  a  and  h.  Communication  is  now  established  between  a  and  j/, 
and  by  means  of  the  pump  e  the  pressure  can  be  adjusted  with  the 
utmost  delicacy  until  it  is  exactly  equal  to  atmospheric  pressure.  The 
stojvcock  d  is  then  closed,  and  the  remainder  of  the  mercury  in  h  is 
allowed  to  flow  out  into  the  beaker.  The  weight  of  the  mercury 
displaced  by  the  gas  divided  by  the  sjiecific  gravity  of  mercury 
at  the  observed  temperature  gives  the  volume  of  the  gas  in  cubic 
centimeters. 

If  it  is  desired  lo  remove  any  constituent  of  the  gas  by  absorption, 
a  pipette  h,  containing  the  appropriate  reagent,  is  attached  to  the 
measuring  apparatus.  All  the  air  in  the  connecting  tube  is  expelled 
by  pouring  mercury  into  the  funnel  and  turning  the  stop-cocks  c'  and 
c  so  that  the  mercury  flows  out  through  c.  A  little  more  than  enough 
mercury  to  expel  the  gas  in  the  vessel  a  is  poured  into  h.  The  email 
quantity  of  air  which  is  confined  in  the  tube  connecting  h  with  the 
fito[)-cock  is  removed  by  allowing  a  few  drops  of  mercury  to  run  out 
through  h.  Then  a  and  h  are  placed  in  communication.  The  stop- 
cocks c'  and  c  are  turned  so  that  the  gas  may  pass  into  the  pipette, 
the  mercury  which  filled  the  connecting  tube  passes  into  the  absorbing 
reagent  and  unites  with  that  which  is  already  at  the  bottom  of  the 


.oo^^ie 


§  107.  ANALYSIS  OF  GASES.  '  575 

pipette.  The  transfer  is  facilitated  by  the  pump  e.  After  absorption 
the  residual  volume  ia  measured  in  the  aame  w&y  that  the  original 
volume  was  measured,  a  ia  completely  filled  with  mercury  from  the 
upper  to  the  lower  stop-cock,  and  all  the  mercury  in  h  is  allowed  to 
run  out ;  the  gaa  ia  then  drawn  back  into  the  measuring  apparatus, 
the  laat  portion  remaining  in  the  connecting  tube  being  displaced 
by  means  of  mercury  from  the  funnel.  The  volume  is  then 
-detennined  as  before. 

'  The  calculation  of  the  reaults  of  an  analysis  is  very  simple.  If 
the  temperature  and  pressure  remain  the  same  during  an  analysis,  as 
is  frequently  the  c-^se,  then  the  weights  of  mercury  obtained  are  in 
-direct  proportion  to  the  gas  volumes,  and  the  percentage  composition 
is  at  once  obtained  by  a  simple  proportion. 

If  the  temperature  and  pressure  are  different  when  the  measure- 
ments are  made,  it  ia  necessary  to  reduce  the  volumes  to  0°  and 
760  m.m.     The  following  formula  ia  then  used  : — 
1/'=  W(H-h) 

D  (l  +  0-00367  X  t)  760' 
in  which 

TFs  weight  of  mercury  obtained  (in  grams), 
D  =  specific  gravity  of  mercury  at  f, 

t  ^  temperature  at  which  the  gas  ia  measured, 
H  =  height  of  the  barometer, 
h  =  tension  of  aqueous  vapour, 
V  =  reduced  gas  volume  (in  cubic  centimeters). 
In   all   the   meaaurements   made   with  the  apparatus  the   gas  is 
saturated  with  aqueous  vapour,  because  it  comes  in  contact  with  the 
water  in  the  manometer  g. 

The  following  experiments  were  made  to  test  the  accuracy  of  the 
instrument.  A  quantity  of  air  was  drawn  into  the  measuring  bulb 
and  its  volume  determined.  The  air  was  then  transferred  to  an 
absorption  pipette  which  contained  only  mercury  and  no  reagent. 
It  was  then  brought  back  again  into  the  measuring  apparatus  and  its 
volume  redetermined.  The  following  results  were  obtained  ; — 
I. 


Volume  of  air  taken 

after  fir8l  tnnster    , 
„         „    second  transfer 

Tolnmo  at  0°— 7«0 
67-558  CO. 
57-667 
57-570 

Volume  taken 

„      after  transferring     . 

II. 

93-216  CO. 
S3-229 

Volume  talu^D 

„      after  transferring     . 

III. 

AtO=-7«lm.ni. 
133'473c.c. 
133-490 

Volume  taken 

„       after  tranBrerring     , 

IV. 

»2-276c.c'. 

92-260 
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Toltune  taken 

„      titter  first  tnnsfer    ... 
„  „     Be«and  tnnBfer 


ltiy-7fl()ni.i 
108-970  0. 
103-955 
103-980 


The  apparatus  was  also  tested  by  making  aoalyBes  of  atmospheric 
air.  It  has  been  aliown  both  by  Winkler  and  Hempel  that  the 
composition  of  the  air  varies  from  day  to  day.  This  variation  is 
sometimes  as  much  as  0'5  per  cent.  The  causes  which  produce 
these  fluctuations  in  the  composition  of  the  atmosphere  are  at 
present  but  imperfectly  understood.  It  is  therefore  desirable  to  have 
some  simple  instrument  by  means  of  which  the  composition  of  the  air 
may  be  determined  rapidly  and  yet  with  great  accuracy. 

The  following  analyses  show  that  the  apparatus  here  described  is 
well  adapted  to  this  purpose.  The  reagent  used  to  absorb  the  oxygen 
and  carbon  dioxide  was  an  alkaline  solution  of  pyrogalloi,  prepared  by 
mixing  one  volume  of  a  35  per  cent,  solution  of  pyro^llol  with  six 
volumes  of  a  60  per  cent,  solution  of  potassium  hydrate. 


Amafgnt   of  Air 

'"*■"  /«™ 

l»e   Labaratorg. 

■w 

AW  taken                 1788-53 

Vol.  of  nitrogen         13-7-62 

1376-40 

L 

H 
748-37 
743-37 
743-66 

t            v 

16-8        llS-43e  0 
15-8          82-264 
16-76         82-266 

Percent. 
0  +  CO, 

20-760 

20-771 

Per  cent  of  0  »nd  CO^  20-766. 
II. 
W  H  t  V 

Vol.  of  *\t  1708-01         748-08         15-0         115546 1 

Ditrogen        136604       74733        162         91664 
Par  cent,  of  O  and  CO,  found,  20-755, 
The  following  analyses  were  made  with  a  wmple  of  atinofipber 


1704-81         754-82         12-2         1 
1846-38        754-78        1208 
1344-71        755-92        117 
Per  oeot.  of  O  and  CO,,  20872. 


P«p  oant. 
0  +  C0» 


Vol.  of  air  1669-39        76680        10- IS       H6-5S4o. 

nitrogen  1323-24        75549        10-(  5        92-260        20868 

1322-38         766-30         10-00         82  262         20-870 

Per  cent,  of  O  and  COj,  20'866. 
The  apparatus  described  in  the  preceding  pages  was  made  for  the  author  in 
most  excellent  manner,  by  Mr.  £nnl  Griener,  78  Nassau  Street,  New  York. 
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SIKFLEK   METHODS  OF  GAS  ANALYSIS. 

§  108.  All  the  sets  of  apparatus  previously  described  are  adapted 
to  secure  the  greatest  amount  of  accuracy,  regardless  of  speed  or  the 
time  occupied  in  carrying  out  the  various  intricate  processea  involved. 

For  industrial  and  technical  purposes  the  demand  for  something 
requiring  leas  time  and  care,  even  at  the  sacrifice  of  some  accuracy,  has 
been  met  by  a  large  number  of  designs  for  apparatus  of  a  simpler  class, 
among  which  may  be  mentioned  those  of  Orsat,  Bunte,  Winkel, 
Hempel,  Stead,  Lunge,  etc.  Many  of  these  are  arranged  to  suit 
the  convenience  of  special  industries,  and  will  not  be  described  here. 

The  moat  useful  apparatus  for 
general  purposes  is  either  that  of 
Hempel  or  Lunge,  both  of  which 
will  be  shortly  described.  Fuller 
details  as  to  these  and  other 
special  kinds  of  apparatus  are 
contained  in  Winkler's  Hand- 
hook  of  Technical  Gat  Analysts, 
translated  by  Lunge.* 

The  general  principles  upon 
which  these  various  sets  of 
apparatus  are  based,  and  the 
calculation  of  results,  are  the 
same  as  have  been  described  in 
preceding  pages;  and  of  course 
due  r^fard  must  be  had  to 
tolerable  equality  of  temperature 
and  pressure,  and  the  effects  of 
cold  or  warm  draughts  of  air  upon 
the  apparatus  whilst  the  manipu- 
lations are  carried  on.  If  the 
operator  is   not  already  familiar  '*^" 

with  methods  of  gas  analysis,  a  study  of  the  foregoing  sections  will  be  of 
great  assistance  in  manipulating  the  apparatus  now  to  be  described. 

Orsat— Lunge  Qas  Apparatus. — Fig.  106  shows  the  outline  of 
this  instrument.  The  modification  of  the  original  Orsat  instrument, 
by  Lunge,  is  a  contrivance  for  burning  hydrogen  and  other  gases  by 
lieated  i>alladium  asbestos.  It  is  so  welt  known  and  so  constant  in 
use  that  no  detailed  description  is  needed  here,  but  another  form  of 
the  apparatus  has  been  devised  by  W.  H.  Sodeau,  which  is  intended 
for  the  estimation  of  unbumt  products  in  chimney  gases,  and  is  shown 
by  fig,  107,  and  the  description  (C  N.  Ixxxix.  61)  is  as  follows  i — 

In  eiperimental  work  on  the  economic  spplioalion  at  Fuel,  it  is  very  desirable 

to  know,  whilst  a  trinl  ia  actually  proceeding,  not  only  what  exce9!  of  air  is  being 

employed,  but  also  the  amount  of  unburnl  gases.f     Combining  these  data  with 

the  indications  of  a  thermoj unction  placed  at  the  base  of  the  fuunel,  one  can 

■  Ourneisud  JftckBon.fndediUoD,  1802. 

f  When  working  with  very  limited  furnace  epoce,  u  in  nat»l  wml«r  tube  toilers  of  the 
"  Expreaa"  tyge,  a  r^^dtion  of  tlie  "Eicem"  of  air  maj  CHaie  lor^  unoonts  ot  com- 
huBtible  giMea  to  escape  mibumt,  and  bo  Jcvdjo  dccnased,  iDatf  ad  of  iucreaflM,  eTaporatiie 
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follow  throughout  the  trial  the  total  &moiuit  of  he»t  (poteutial  as  well  tu  actual) 
wMoh  is  pueiug  up  the  cMmuoy.  With  a  given  boiler,  for  example,  if  one  takes 
c»re  of  the  eiit  ga«es,  the  eTaporation  will  prectically  tske  care  of  itself.  Tlie 
fuel  emplojed  represents  a  certain  JmtMA  aawmnt  of  heat,  and  the  loss  bj  radiation 
from  the  boiler  will  be  practically  uniform  ;  hence  the  evaponktion  per  pound  of 
fuel  ma;  be  gauged  by  nhat  remains  after  deducting  the  varioue  losses  from  the 
calorific  value  of  the  fuel,  or,  in  other  words,  by  worlririg  up  the  chimney  gas 
reeults  as  in  a  "  beat  balance  sheet." 

This  method  of  checking  the  evaporative  efficiency  in  especially  advantageous 
[n  short  experimental  runs,  as  feed  water  is  not  oln'&ys  read  with  much  accuiaoy, 
and  all. that  passee  through  the  miiin  stop  valve  may  not  actually  be  steam. 

The  actual  analytical  problem  may  be  reduced  to  the  rapid  determination  of 
carbon  dioiide,  carbon  monoiiide,  and  hydrogen  (including  hydrocarbons  if 
present).  It  is,  however,  customary  to  determine  the  oxy^n  In  chimney  gssee, 
whilst  the  eBtimation  of  hydrogen  is  usually  omitted.  The  desinJrilitT  of 
determining  the  amount  of  hydrogen  is  illustrated  by  the  table  below,  in  which  are 
given  a  few  analyses  of  the  producla  of  incomplete  combustinn  obtained  in  gome 
experiments  with  a  1000  horse-power  water-tube  boiler  of  the  "  Express"  type. 
Witli  ^Velsh  coal  the  loss  as  unburnt  hydrogen  usually  amounted  to  nearly  ft 
third  ot  Ifhe  Ipsa, as  carbon  monoxide,  whilst  with  petroleum  the  proportion 
averaged  about  two-thirds.  This  difference  was  no  doubt  mainly  due  to  the 
larger  proportion  of  total  hydrogen  present  when  oil-fuel  was  employed. 
Ezampla  of  Ineomplele   Combuiiion. 

Crude  Tea*  oil  (iteam 
Welih  co«l.  liTaTed). 

Carbon  dioiide,  per  cent.    90      110     99      92  61      95      flO      79 

Carbon  monoxide,  per  cent.     3-16      28      165     13  21      16      Itl      0-6 

Hydrogen,  per  cent.       ...     0'65      066    0-47    0-4  12      I'O      0'6      04 

Pounds  air  per  pound  fuel  17'2      147     17-75  19-5  267    19-46  21-35  25-0 

Bioeea  air  per  oeut.  above 

theoretical  .    65-0      32-3    60-0    75-7  94       39       53       79 

Evaporation     units'     per 

pound   of   fuel   lost   as 

combustible  gases        ...     2-34    2-26      1-71     I'Sl  3-aB    205     1-46  l-OO 

Air  being  practically  constant  in  composition  it  is  unnecessary  to  estimate  the 
oxygen  in  chimney  gases  if  the  approximate  composition  of  the  fue]  is  known. 
for  it  is  then  easy  lo  work  out  simple  formulsc  by  means  of  which  those  data 
which  are  of  practical  importance  may  be  calculated  with  fair  accuracy  ffora  the 
percentages  of  carbon  dioxide,  carbon  monoxide,  and  hydrogen  alone. 

Take,  for  example,  two  analyses  of  fuels  -. — 

""-'-*■—'  Tbim  petpolemn. 

86-0 
1-34 


WBldi™i. 

Carbon       

88-2 

Hyfcn :::    :: 

0-77 

2-6 

Ash,  oxygen,  Ac 

8-43 

1000  1000 

Theoretical  amount  of  air  for  1  pound  fuel         ll'l  lbs.  13'95  lbs. 

Using  COj,  CO,  and  Hj  to   respectively  denote  the  percentages  of  carbon 
dioxide,  carbon  monoxide,  and  hydrogen  in  ttie  chimney  giues,  the  following 
formulte  may  be  obtained  by  calculation  from  the  equations  for  combustion :  — 
Welsh  coal.  Teiu  petTDleum. 

1.  Founds  air  per  pound  of  fuel — 

204- CO  206 -CO 

COj  +  CO  "^  ^'^^  CO,  +  CO  +  *'®* 

2.  Excess  air  per  cent,  above  theoretical— 

_1837^9_CO  1476 -7-4  CO 

CO,  4- CO      ^°  CO,  +  CO     "**'^ 
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3.    ETaporatioji  units  lost  as  unbumt  gases — 

Wqlvh  c«kl.  Toxafl  petroleum, 

CO  +  H,  CO  +  H. 

^  ^cOj + CO  *'"*"cbj+  CO 

These  formalie  will,  of  course,  apply  only  to  fuelB  haring  the  composilion 
giren  above.  Por  ordinary  purposes  the  terms  including  CO  maj  be  omitted 
From  the  numerators  of  formuls  (1)  and  (2).  Cnrres  can  then  be  plotted 
having  COj-f  CO  on  one  axis,  and  either  "pounds  air  per  lb.  of  fuel  "or 
"  excess  air  per  cent,  above  theoretical "  on  the  other,  so  that  the  meaning  of  an 
analysis  cod  be  seen  at  a  glance. 


Fig.  107. 

An  ordinary  Ornat  apparatus  aSords  a  ready  means  of  estimating  the  carboD 
dioxide,  but  the  absorption  of  carbon  monoxide  by  means  of  that  sometrhat 
objectionable  reagent,  cuprous  chloride,  involves  the  previous  removal  of  oxygen 
by  means  of  phosphorus  or  alkaline  pjrogallol,  absorbents  which  act  exceedingly 
slowly  when  too  cold.  This  method  takes  no  accoiuit  of  free  hydrogen  (or 
saturated  hydrocarbons).  The  author  decided  to  discard  absorption  by  cuprous 
chloride  in  favour  of  a  combustion  method,  and  not  finding  the  (spillary  com- 
bustion tube  of  palladinised  asbestos  (as  Htted  in  the  Orsat-Lunge  apparatus) 
quite  suitable  for  use  in   the  stokehold,   finally  adopted  an   Orsat  apparatus 

P   F  2 
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modified  u  ahown  iu  Ihe  iccompanyiti);  fiK*"^'  '"  ^^hich  the  maia  femture  is  an 
adaptation  of  tbe  W  i  akler  (yimbuMtioa  pipette.* 

A  \nqie  giam  stopcock,  h,  of  4  to  5  m.m.  cl«&r  bore,  iti  attached  to  the  base  of 
the  apparatus,  one  end  being  coooected  to  tbe  meaguriog  tube  and  the  other  to 
the  reHervoir  K  B.  The  pipette,  K,  i»  of  the  ordinary  form,  and  contains  cauEtio 
pota«h  Holutioa  (one  part  poUch  to  two  of  water).  A  aimiUr  pipette,  p,  con- 
lUDing  phoophoriiB  or  alkaline  pyrogallol.  may  be  used  if  it  is  desired  to  estimate 
tbe  oxyf^n.  The  combustion  pijiette.  c,  may  be  made  from  the  commercial  [onD 
of  Winkler  pipette  by  simply  cuttinf;  off  the  U-tube  and  sealing  on  a  straight 
piece  of  capillary  tube  of  i^uilable  len^ftb.  An  ordinary  Hempel  pipette  for 
■olid  abeorbenlH  may  be  altered  in  a  similar  manner,  tbe  neck  at  the  bottom  being 
closed  by  a  two-huled  rubber  stopper  throu);h  which  passes  a  pair  of  unlacquered 
biass  electrodes  bridged  across  by  a  platinum  spiral  made  by  coiling  about  4  cm. 
of  platinum  wire  of  about  0'3  m.m.  diameter  aroimd  a  needle  13  m.m.  thick. 

nben  tbe  combustion  pipette  is  employed  vith  miitures  rich  in  combustible 
gases  the  coil  must  be  near  the  top  of  the  bulb  in  order  that  serious  explonon^ 
may  be  avoided,  but  for  llie  nnaljsia  of  any  ordinary  chimney  gases  the  coil  may 
be  placed  much  lower  in  order  to  reduce  the  heating  of  the  glass.  The  gas  may 
then  be  returned  as  soon  »s  the  current  is  cut  off,  nithout  naiting  for  the  glass 

A  filed  bulbt  as  in  the  Hempel  {or  Orsat)  pipette,  may  be  employed  to 
receive  the  displaced  water  unle^v  it  is  desired  lo  carry  out  Ihe  rapid  estimation 
of  carbon  monoxide  and  hydrogen  t<^ether.  as  described  below,  when  the  bulb,  C, 
should  be  connected  by  means  of  indiarubber  tubln|{  to  ' 
■isting  of  a  small  aspirator  bottle,  similar  to  that  connected  ti 
tube.  When  in  u^e  the  spiral  is  raised  to  a  white  heat  by  means  of  a  two-ceS 
accumulator,  ihe  current  being  conveniently  adjusted  to  the  right  strength  by 
passing  it  through  a  fev  feet  of  the  tinned  iron  wire,  about  ,V'  diameter,  whidli 
IS  commonly  sold  in  penny  skeins. 

In  order  to  eliminate  parallax  the  measuring  tube  is  read  by  means  of  a  lens 
mounted  in  conjunction  with  an  eye-cap,  and  sliding  on  a  brass  rod,  as  emfdojed 
in  connection  with  the  "Kew  principle"  correction  tube  (J.  S.  C.  I.,  IflOS, 
xxii.  188,  189).  Before  each  reading  is  liken,  the  water  in  (he  measuring  tube 
is  allowed  to  drain  down  for  one  minute,  as  indicated  by  the  sand-glass  iiaed 
for  timing  the  absorptions  and  combustions. 

The  U-tube  filled  with  glan  wool  ordinarily  supplied  with  the  Orsat 
apparatUB  being  mmewbat  apt  to  clog  if  dense  bUck  smoke  is  produced,  it  is 
conveniently  replaced  by  a  simple  T  piece  having  a  fmaW  plug  of  glass  wool  in 
the  limb  through  which  (he  sample  enters  the  apparatus.  In  this  way  only  the 
actual  samples  are  filtered,  and  the  solid  particles  in  the  main  stream  pass  direct 
to  the  aspirator. 

Mrtbod  or  Pbocedvrb:  The  measuring  off  of  the  sample  ia  effected  in  the 
usual  manner,  except  that  it  ia  convenient  to  close  s  instead  of  pinching  the 
india-rubber  tube  when  adjusting  the  water  to  the  zero  mark  prior  to  bringing 
the  gas  to  atmospheric  pressure. 

Carbon  dioxide  is  estimated  by  sending  the  greater  part  of  the  gas  over  into  k 
and  back  again,  then  leaving  it  for  one  niinute  to  complete  the  absorption,  and 
measuring  again  as  usual ;  the  decreaiie  gives  the  percentage  of  carbon  dioxide. 
The  current  in  next  switched  on,  and  tbe  gas  passed  over  into  the  combustion 
pipette,  C,  where  it  remains  tor  one  minute,  being  then  returned  to  the  measuring 
tube  (after  switching  ott  the  current),  and  the  contraction  noted. 

The  carbon  dioxide  produced  Li  then  determined  by  a  one-minute  absorption 
in  the  potash  pipette,  k  ;  the  decrease  gives  the  percentage  of  carbon  monoxide. 

As  carbon  monoxide  unites  with  half  its  volume  of  oxygen  to  form  its  own 
volume  of  carbon  dioxide,  it  follows  that  half  the  amount  of  the  carbon  monoxide 
found  must  be  deducted  from  the  contraction  during  combustion.  Two-thirds 
of  the  corrected  contraction  equals  the  percentage  of  hydrogen. 

•  The  'Winkler  pipette,  sdeielopinei  t  of  CDqull1an-s  "OriBoumeter,"  isdenribcd 
HndflKuredlnWlDk1eraDdLniTgo'B"TecbnicefagBADiayBi9,"Fp.  ISl-lSS. 

t  Tbe  ordinsTT  Hempel  pipetle  ia  Bometmet  supplied  Kith  a  bul1>  too  emal]  to  ooatiin 
the  water  dleplaced  bj  the  heated  gae. 
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monoxide  and  |  (  2-8  — ^- )  =}"  IG^lfl  per  cent,  of  hydrogen.    It  should  be 

noted  tbst  th^  only  absorbent  employed  ia  one  which  is  reidily  obtained  and 
«eldam  needs  renewing.  The  eatimatton  of  carbon  dioxide,  carbon  monoxide,  and 
hydrogen  by  the  above  method  can  be  completed  in  fifteen  minutes.  Any  traces 
'  'lydrocartions,  if  presenC,  will  of  course  appear  partly  as  carbon  monoxide  and 
"'     '  in  the  above  method  of  analysis.    ITieirheat  valuewill  not  be 

luny  represeniea,  but  this  is  an  unimportant  defect,  and  it  eiista  more  markedly 
in  the  old  cuprous  chloride  method. 

It  may  occasionally  be  desirable  to  knov  the  percentage  of  oxygen  ori^nally 
present  in  the  k^'.  This  may  be  found  by  finally  abBorbing  with  phosphorus  or 
pyro  in  the  pipette  P,  and  adding  to  the  result  the  amount  of  oxygen  required  to 
bum  the  combuBtible  gases. 

Rapid  Joint  EaTiuiTiov  ot  Cabbon  Monoxide  and  Htdrcnien. — This 
may  be  carried  out  by  omitting  the  measurement  immediately  after  combustion, 
and  tisnsferriuft  the  gas  direct  from  c  t«  u  in  the  following  manner : — After  the 
carbon  dioxide  has  been  determined,  open  the  stopcock  attached  to  C,  and  switch 
on  the  current,  raising  the  reservoir,  u  b,  tio  as  to  drive  the  gas  into  c.  Close  a 
when  the  water  has  risen  to  the  top  of  the  measuring  tube,  and  about  one  minute 
later  switch  ofT  the  current  and  open  the  stop-cock  of  k,  raising  the  reservoir, 
c  B,  so  as  to  drive  the  gas  over  into  the  potash,  and  finally  closing  the  stop-oock 
of  c.  After  allowing  one  minute  for  absorption,  the  stop-cock,  a,  is  opened,  the 
residue  drawn  back  into  the  measuring  tube,  and  the  stop-cock  of  k  then  closed. 
Two-thirds  of  the  contraction  so  produced  equals  the  percentage  of  "  combustible 
gaaee,"  i.e.,  carbon  monoxide  and  hydrogen,  in  the  sample. 

The  result  so  obtained  is  translated  into  "  evaporation  units"  by  means  of  a 
formula  similar  to  3,  the  denominator  being  replaced  by  COj-l- (j  x  combustible 
ga-Hes)  in  the  case  of  Welsh  coal,  and  by  CO,  +  (t  x  combustible  gasee)  when 
Texas  oil  is  employed.  The  amount  of  air  is  similarly  found  by  means  of 
formulw  or  curves. 

Whoa  oollecting  sampler  of  chimney  gas  for  subsequent  analysis  the  sometimes 
troublewme  process  ot  saturatluK  water  during  the  trial  may  be  avoided  by 
appropriately  diluting  a  saturated  solution  of  carbon  dioxide,  'rhus.  if  the  gas  is 
eipected  to  contain  about  12  per  cent,  of  carbon  dioxide,  the  sample  bottles 
should  be  filled  with  a  mixture  of  seven  parts  tap-water  and  one  part  of  water 
saturated  with  carbon  dioxide.  The  Sow  of  water  from  the  sample  bottle  may  be 
conveniently  regulated  by  attaching,  say.  a  yard  of  tubing-  (in  order  to  give  a 
[airly  uniform  head),  to  the  end  of  which  is  connected  a  "wash-bottle  jet" 
which  has  previously  been  found  to  permit  the  emptying  to  tike  place  in  the 
required  time.     The  jet  is  less  likely  to  clog  if  used  in  the  reversed  position. 


Simple  Titration  of  Gaaea.— Many  instanuca  occur  in  which  an 
absorlwble  gas  can  be  passed  througli  a  eolution  of  known  standard  in 
excess,  and  the  measure  of  the  gaa  being  known  either  by  emptying 
an  aspirator  of  water  containing  a  known  volume,  or  by  the  use  of 
a  ga.'^mete^,  The  amount  of  gas  absorbed  may  be  found  by  titration 
of  the  standard  absorbent  reaidually.  Such  instances  occur  in  the 
exit  gases  of  vitriol  and  chlorine  chambers.  In  the  case  of  vitriol 
exits  the  gaaea  are  drawn  through  a  standard  solution  of  soda  or  other 
alkali  contained  in  Todd'B  abaorptioa  tubes  or  some  similar  arrange- 
ment, to  which  ia  attached  a  vessel  containing  a  known  volume,  say 
exactly  ^i^  of  a  cubic  foot  of  water,  A  tap  ia  fixed  at  the  bottom  of 
this  vessel,  so  that  when  all  is  tightly  fitted  and  the  tap  partially 
opened,  a  amall  flow  of  water  is  induced,  which  draws  the  gases 
through  the  absorbent.     When  the  aspirator  is  empty  the  flow  of 
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gases  ceases,  and  of  course  the  volume  of  water  so  run  out  represents 
that  oi  the  gases  passed. 

Another  way  of  measuring  the  gases  is  to  use  an  india-rubber 
vessel,  which  can  be  compressed  by  the  hand,  known  as  a  finger- 
pump.  The  volume  contents  being  known  by  measurement  with 
water  or  air,  the  aspirations  made  by  it  may  be  calculated ;  the 
aspirated  gases  are  then  drawn  slowly  throii)^h  the  absorbent  liquid. 
In  the  case  of  chlorine  exits  the  gases  are  jmssed  through  a  solution  of 
potassium  iodide  in  eitcess,  and  the  amount  of  liberated  iodine 
subsequently  found  by  titration  with  standard  sodium  arsenite.  A 
most  convenient  vessel  is  the  revolving  double  glass  aspirator,  known 
as  Dancer's  or  Muencke's. 

The  standard  solutions  used  in  these  cases  are  generally  so  arranged 
as  to  avoid  calculations,  and  the  result  found  for  legal  purposes  in 
England  is  given  in  grains  per  cubic  foot,  in  order  to  comply  with  the 
conditions  of  the  I^oxious  Vaiwurs  Act,  which  enjoins  that  not  more 
than  4  grains  of  SO^  or  '2i  grains  of  CI,  in  one  cubic  foot  shall  be 
allowed  to  pass  into  the  atmosphere. 

Sometimes  a  gas  may  ho  estimated  by  the  reaction  which  takes 
place  when  brought  in  contact  with  a  chemical  al«orbent,  such  as  the 
formation  of  a  precipitate,  or  the  change  of  colour  which  it  produces 
in  an  indicator.  The  gas  in  this  ca.se  can  he  measured  by  a  ^aduated 
aspirator,  the  ilow  of  which  is  stopped  when  the  peculiar  reaction 
ceases  or  is  manifested. 

Normal  Solutlonci  for  Gba  Analysia.— In  the  titration  of  gaees 
by  these  methods,  particularly  on  the  Continent,  the  custom  is  to  use 
sijecial  nonual  solutions,  1  c.c.  of  which  represents  1  c.c.  of  the 
absorbable  gas  in  a  dry  condition,  and  at  760  m.ra.  pressure  and  0°C 
temperature.  These  solutions  must  not  be  confounded  with  the  usual 
normal  solutions  used  in  volumetric  analysis  of  liquids  or  solids.  For 
instance,  a  normal  gas  solution  for  chlorine  would  be  made  hy 
dissolving  4-4288  gm.  of  AsjO^  with  a  few  grams  of  sodium  carbonate 
to  the  liter,  and  a  corresponding  solution  of  iodine  containing 
1 1-3396  gm.  per  liter,  in  order  that  1  c.c.  of  either  should  correspond 
to  1  C.C  of  chlorine  gas.  I  c.c.  of  the  same  iodine  solution  would  also 
represent  1  c.c.  of  dry  SOj,  and  so  on.  f. — "_.- 

A  very  convenient  bottle  for  the  titration  of  certain  gases  is  adopted 
by  Hesse.  It  is  made  in  a  conical  form,  like  an  Erlenmeyer'e  ilask, 
and  lias  a  mark  in  the  short  neck,  down  to  which  is  exactly  fitted 
a  caoutchouc  stopper  having  two  holes,  which  will  either  admit  the 
spit  of  a  burette  or  pipette,  or  may  be  securely  closed  by  solid  glass 
rods.  The  exact  contents  of  the  vessel  up  to  the  stopper  is  ascertained, 
and  a  convenient  size  is  al>out  500  or  600  c.c  The  exact  volume  is 
marked  upon  the  vessel. 

In  the  case  of  gases  not  affected  by  water,  the  bottle  is  filled  with 
that  liquid  and  a  portion  displaced  by  the  gas,  and  the  stopper  with 
its  closed  boles  inserted.  If  water  cannot  be  used,  the  gas  is  drawn 
into  the  empty  bottle  by  means  of  tubes  with  an  elastic  pump.  The 
absorbable  constituent  of  the  gas  is  then  estimated  with  an  excess  of 
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the  standard  solution  run  in  from  a  pipette  or  burette.  During  this 
a  volume  of  the  gas  escapes  equal  to  the  volume  of  standard  eolution 
added,  which  must  of  course  be  deducted  from  the  contents  of  the 
absorbing  veesel  The  gas  and  liquid  are  left  to  react  with  gentle 
shaking  imtil  complete.  The  excess  of  standard  solution  U  then 
found  residually  by  another  corresponding  standard  solution ;  and  in 
the  case  of  using  gas  normal  solutions,  the  difference  found  corres- 
ponds to  the  volume  of  the  absorbed  constituent  of  the  gas  in  c.c.  ; 
and  from  tliis,  and  from  the  total  volume 
of  gas  employed,  may  be  calculated  the 
percentage,  lowing  for  the  correction 
mentioned.  This  arrangement  may  be 
used  for  COj  in  air,  using  normal  gas 
barium  hydrate  and  a  corresponding  normal 
gas  oxalic  acid  with  phenol phthalein.  The 
normal  oxalic  acid  should  contain  56314 
gm.  per  liter,  in  order  that  1  c.c.  may 
represent  1  c.c.  of  COj.  Tlie  baryta 
solution  must  correspond,  or  its  relation 
thereto  found  by  blank  experiment  at  the 
time.  The  arrangement  is  also  available 
for  HCI  in  gases,  using  a  normal  gas  silver 
solution  containing  4'8233  gm.  Ag  per  liter, 
as  absorbent,  with  a  corresponding  solution 
of  tliiocyanate  (§  43)  and  ferric  indicator ; 
or  the  HCI  may  be  absorbed  by  potash, 
then  acidified  with  HNOg,  and  the  titration 
carried  out  by  the  same  process ;  or  again, 
an  alkaline  carbonate  may  be  used,  and  the 
titration  made  with  a  normal  gas  silver 
solution     using     the     chromate    indicator 

«"■-'"■  ,ig.m 

Hempel's    0*8  Burette. — This  con- 
sists of  two  tubes  of  glass  on  feet,  one  of  which  is  graduated  to 
100  c.c.  in  ^  c.c.  (the  burette  proper),  and  the  other  plain  (the  level 
tube).     They  are  connected  at  the  feet  by  an  elastic  tube,  much  in  the 
same  wayasLunge'snitrometer,  The  arrangement  is  shown  in  fig.  108. 

The  Uluatration  shows  the  burette  with  three-way  stop-cock  at 
bottom,  which  is  necessary  in  the  case  of  gases  soluble  in  wat«r,  . 
or  where  any  of  the  constituents  are  affected  thereby.  If  this  is  not 
the  case,  a  burette  without  such  stop^;ock  is  substituted  (fig.  109). 
The  elastic  tube  should  not  be  in  one  piece,  but  connected  in  the  middle 
by  a  short  length  of  glass  tube  to  admit  of  ready  disconnection. 

Fig.  109  will  illustrate  not  only  the  original  Hempel  buretf*  with 
level  tube,  but  also  the  method  of  connection  with  the  gas  pipette, 
and  also  the  way  in  which  the  elastic  tube  is  joinetl  by  the  intervening 
glass  tube.* 

ib  baa  tbe  Bdmitag«  of  bcduK 
e  fttmoflpbere.    Thia  ia  eff«ctM 
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Hempel,  with  great  ingenuity,  lias  deviaed  special  pipettes  to  be 
used  in  connection  with  the  burette,  and  which  render  the  instrument 
very   serviceable   for  general   gas  analysis.     The  pipette  shown    in 


Fig.  109. 
fig.  109  is  known  as  the  eimple  absorption  pipette,  and  serves  for 
submitting  the-  gas  originally  in  the  burette  to  the  action  of  some 
special  absorbent.  With  a  series  of  these  pipettes  the  gas  is  submitted 
to  the  action  of  special  absorbents,  one  after  another,  until  the  entire 
composition  is  ascertained.  The  eotinections  must  in  all  cases  be 
made  of  best  stout  rubber,  and  bound  with  wire. 

hj  oonnecUug  the  mwsariiw  apparmtiu  with  a  Bpooa  free  from  air,  hut  oatontcd  wiUi 
■quWDS  Tapour.  A  flgors  Bhowiiig  the  amngeDieut  ie  given  In  C.  S.  M.  tH.  Tbeae 
■Impler  fomw  of  ^fti  apparatus  ia  great  Toriet^,  IncludiiiK  Tarioiu  formi  of  the  nitro* 
meter,  are  kept  in  stock  bj  Uenn.  Towiuon  and  Ueicer,  i»  Biehapegate  Street  Within, 
IioudoD,  £  C,  and  piolnbl;  bj  moat  al  the  deelers  in  sppimtuB  In  the  klncdom. 
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Colleotion  and  meaaurement  of  the  Oss  over  Water. — Both 

tubes  are  filled  completely  with  water  (preferably  already  Baturated 
meclianically  with  the  gas),  care  being  taken  that  all  air  is  driven  out 
of  the  elaatic  tube.  The  clip  is  then  closed  at  the  top  of  the  burette, 
and  the  bulk  of  the  water  poured  out  of  the  level  tube,  the  elaatic 
tube  being  pinched  meanwhile  with  the  fii^r  and  thumb  to  prevent 
air  entering  the  burette.  The  latter  is  then  connected  by  a  small 
glass  tube  with  the  source  of  the  gas  to  he  examined,  when,  by 
lowering  the  level  tube,  the  gas  flows  in  and  displaces  the  water  from 
the  burette  into  the  level  tube.  The  pressure  is  then  regulated 
by  raising  or  lowering  either  of  the  tubes  until  botli  are  level,  when 
the  volume  of  gas  is  read  off.  It  is  convenient  of  course  to  take 
exactly  100  c.c.  of  gas  to  save  calculation. 

Colleotion  and  measurement  of  the  Oas  without  Water.  - 

In  this  case  the  tlu«e-way  tap  burette  (fig.  108)  is  dried  thoroughly 
by  first  washing  with  alcohol,  then  ether,  and  drawing  air  through  it. 
Tlie  tlirec-way  tap  ia  then  closed,  the  upper  tube  connected  with  the 
gas  supply,  and  the  burette  filled  either  by  the  pressure  of  the  gas,  or 
by  using  a  small  pump  attached  to  the  three-way  cock  to  draw  out  the 
air  and  fill  the  burette  with  the  gas.  When  full  the  taps  are  turned 
off,  and  connection  made  with  the  level  tube,  which  is  then  filled 
with  water,  the  tap  opened  so  that  the  water  may  flow  into  the  burette 
and  absorb  the  soluble  gases  present.  As  the  burette  holds  exactly 
100  c.c.  between  tJie  three-way  tap  and  the  upper  clip,  the  jiercentage 
of  soluble  gas  is  shown  directly  on  the  graduation. 

The  method  of  Absorption,— 

In  the  case  of  tlie  simple  pipette 
fig.  109,  a  is  filled  with  the  absorb- 
ing liquid,  which  reaches  into  the 
syphon  bend  of  the  capillary  tube  ; 
the  bulb  h  remains  nearly  empty. 
In  order  to  fill  the  instrument,  the 
liquid  is  poured  into  b,  and  the  air 
sucked  out  of  a  by  the  capillary 
tube.  It  is  convenient  to  keep  a 
number  of  these  pipettes  filled  with 
various  absorbent,  well  corked,  and 
labelled. 

Another  pipette  of  similar  char- 
acter is  shown  in  fig.  110,  and  is 
adapted  for  solid  reagents,  such  as 
stick    phosphorus    in  water.      The 
instrument  has  an  opening  at  the  bottom,  which  can  be  closed  with 
a  caoutchouc  stopper.     This  pipette  ia  also  used  for  absorbing  COj 
by  filling  it  with  plugs  of  wire  gaiuie  and  caustic  potash  solution,  so 
as  to  expose  a  lai^e  active  surface  when  the  liquid  is  displaced  by 
the  gas. 

To  make  an  absorption,  the  capillary  U-tube  ia  connected  with  the 
burette    containing    the    measured    gas   by   a    small    capillary    tube 
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(fig.  110),  the  pinchcock  of  course  being  open,  then  by  laiBing  the 
level  tube,  the  gas  is  driven  over  into  the  cylindrical  bulb,  when  it 
diaplacea  a  portion  of  the  litjuid  into  the  globular  bulb.  When  the 
whole  of  the  gas  is  transferred,  the  pincli-cock  is  closed,  and  the 
absorption  promoted  by  shaking  the  gas  with  the  reagent  "When  the 
action  is  ended,  eommunicatiou  with  the  burette  is  restored,  and  the 
gae  syphoned  l>ack  with  the  level  tube  into  the  biirette  to  be  measured. 

The  double  abaorption  Pipette  shown  in  hg.  Ill  is  of  great 
utility  in  preserving  absorbents  which  would  be  acted  on  by  the  air, 
such  for  instance  as  alkaline  pyrc^llol,  cuprous  chloride,  etc.  The 
bulb  next  tiie  syphon  tube  is  filled  with  the  absorbent,  the  next  is 
empty,  the  third  contains  water,  and  the  fourth  is  empty,  "Wheii  the 
gas  is  passed  in,  the  intermediate  water  passes  on  to  the  last  hulb  to 
make  rooiQ  for  the  gas,  thus  shutting  off  all  contact  with  the 
atmosphere,  except  the  small  amount  in  the  second  bulb.  An 
amngement  ia  also  made  for  the  use  of  solid  re^;ent^  by  substitutiog 
for  the  globe  next  the  U  capillary  tube  a  cylindrical  bulb  as  in  fig.  110. 

Hrdrogen  Pipette.— The  hydrogen  gas  necessary  for  explosions 
or  combustions  is  produced  from  a  hollow  rod  of  zinc  fixed  over  a  glass 
rod  passed  through  the  rubber  stopper  (fig.  110).  The  bulb  being 
filled  with  dilute  acid,  gas  is  generated,  and  as  it  accumulates  the  acid 
is  driven  into  the  next  bulb  and  the  action  ceases. 

Szplosion  Pipette.— Another  arrangement  provides  for  explosions 
by  the  introduction  into  a  thicker  bulb,  measured  volumes  of  the  gas, 
of  air,  and  of  hydn^en.  The  bulb  being  shut  oflf  with  a  stop-cock,  a 
spark  is  passed  through  wires  sealed  into  the  upper  portion  of  the  bulb. 

Pipette  with  Capillar7  Combustion  Tube.— This  simple 
arrangement  consists  of  a  short  glass  capillarj'  tube  bent  at  each  end 
in  a  right  angle,  into  which  an  asbestos  fibre  impregnated  with  finely 
divided  palladium  is  placed,  so  as  to  allow  of  the  passage  of  tiie  gas.* 
The  gas  being  mixed  with  a  definite  volume  of  air  in  the  burette,  and 
the  measure  ascertained  (not  more  than  25  c.c.  of  gas  and  60  or  70  c.c. 
of  air),  the  asbestos  tube  is  heated  gently  with  a  small  gas  flame  or 
spirit  lamp,  and  the  pinchcocks  being  oi)ened,  the  mixture  is  slowly 
jiassed  through  the  asbestos  and  back  again,  the  operation  being 
repeateil  so  long  as  any  combustible  gas  remains.  Xo  explosion  need 
be  feared.     The  residue  of  gas  ultimately  obtained  is  then  measured, 

'  Ta  pFepare  pBUadium  ubectoi,  dissolve  about  1  |^.  pnUiidium  is  o^wi  rigia,  eiBponta 
to  rliyneu  on  vatfr  lath  to  expel  nil  ncid,    DisBolve  in  (  vei?  ihibU  quoutit;  at  waCer,  uid 

Btrongly  alkHlind.  Introduce  into  the  liquid  ubout  1  gm,  soft,  long-fibred  ubeglios,  vhioh 
should  sbeurb  the  whole  liquid.  The  fibre  1b  then  dried  at  a  geuUe  heat,  and  flnallj  in  tlie 
water  batb  till  perfsctlj  dry  i  it  is  then  soaked  Id  a  little  •rarm  tntei.  pot  into  a  f  lasa 
funnel,  and  hU  odherlntr  salts  washed  out  carefullj  without  diaturhiiiv  the  p»n«^w¥n 
deposit.  The  asbestos  so  prepared  ooutains  about  SO  per  cent.  Pd.  and  in  a  petfaotlj  di; 
state  ii  npable  ot  csuting  the  oombiuation  of  il  uid  O  at  ardinarj  tcapaTatnre,  bQt  wban 
used  in  tlie  (apllhuy  tube  it  is  preFeisble  to  use  heat  aa  meutiosed.  Tbe  capUbilT 
cotnbastlon  tubes  nre  about  1  ut.m.  bore  aud  5  m.m.  outside  diameter.  wlUi  a  len^  ol 
about  15  e.m.  The  fib™  is  placed  into  them  before  bendinf  ths  angles,  as  follows  :— Laj 
a  [ew  loose  Bhces,  about  4  cm.  long,  side  by  side  on  smooth  mt«r  paper,  moisten  with  adrop 
or  two  ol  water,  then  by  sUding  the  finger  oner  them  twisted  lute  a  kind  of  thread  abonl 

"" "  "     '  '    '    -ning  cotton.    The  thread  il       '  ■"  '"      ' ' 

ihaldTeil-    ■■       ■        ■       " 


dioppedlnto  the  tube  held  TerticaUj,  then  1^  sid  of  water  and  K«utle  shaking 

posIUoQ  in  the  middle  of  the  tnbe.    The  tube  is  then  dried  in  a  warm  place,  and  fluaU;  the 


e  shaking  m 

bent  at  rig-htaiiEls  tor  a  length  of  3t  to  4  cm.    FUtinum  asbestos  mar  be  prepared  in 
une  way,  uBbig.howeier.oDl;  bom  half  to  oua-fonrth  the  quantity  ol  m ' '  ' 
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and  the  contraction  found ;  from  this  the  volume  of  gas  bumed  is 
ascertained  either  directly,  or  by  the  previous  removal  of  COj  formed 
by  the  combustion  with  the  potash  pipette.  H  is  very  easily  burned, 
CO  less  easily.  Ethylene,  benzine,  and  acetylene  require  a  greater 
heat  and  longer  time.  CH^  is  not  affected  by  the  method,  even 
though  mixed  with  a  large  excess  of  combustible  gases. 

In  order  to  illustrate  the  working  of  the  whole  net  of  apparatus,  the  nnalyBie 
of  a  mixture  conUiniog  mo«(  or  &II  ot  the  gaeee  likely  to  be  met  with  in  actual 
testing  is  given  from  a  paper  contributed  by  Dr.  W.  Bott  (J.  S,  C.  I.  iv.  163). 
The  mixture  of  gases  consists  of  CO,,  O,  CO.  CjH^,  CH^,  H  and  N.  A  sample 
ot  this  gaa— say  100  CO.—  is  ccllected  and  measured  in  the  gas  burette.  The  COj 
is  neit  absorbed  by  passing  the  gas  into  a  pipette  (fig.  109)  containing  a  solution 
ot  1  part  of  KHO  in  2  parts  of  water.  To  en-iure  a  more  rapid  absorption,  the 
bulb  shown  in  Gg.  110  confining  the  caustic  potash  may  bo  partly  filled  with 
plugs  ot  wire  gauze.  The  absorption  of  the  CO,  is  almost  instantaneous.  It  is 
only  necessary  to  pass  the  gas  into  the  apparatus  and  syphon  it  back  again  to  be 
measured.     The  contraction  produced  gives  directly  the  percentage  of  COj  since 


Fig.  HI. 
100  c.c.  were  used  at  starting.  The  remaining  gas  contuns  O,  CO.  H,  C,Hi, 
CHi,  N.  The  oiygen  is  next  absorbed,  This  may  be  effected  in  two  ways— by 
means  of  moist  phosphorus  or  by  an  alkaline  solution  of  pyrogallic  acid.  The 
former  method  ie  by  far  the  more  elegant  of  the  two,  but  not  universally 
applicable.  The  absorption  is  done  inapipette  (fig.  110),  the  cork  bulb  of  which 
is  tilled  with  thin  sticks  of  yellow  phosphorus  nurrnunded  by  water.  The  gas  to 
be  tested  Is  introduced  in  the  usual  manner,  and  by  displacing  the  water  comes 
into  contact  with  the  moist  surface  ot  the  phosphorus,  which  speedily  absorbs  all 
the  oxygen  from  it.  The  absorption  proceeds  best  at  about  lS-2(f  C,  and  is 
complete  in  ten  minutes.  The  small  quantity  of  P^O,  formed  by  the  absorption 
dissolves  in  the  water  present,  and  thus  the  surface  of  the  phosphorus  always 
remains  bright  and  active.  This  neat  and  accurate  method  is  not  however 
universally  applicable ;  the  following  are  the  conditions  under  which  it  can  be 
used :— The  oiygen  in  the  gas  must  not  be  more  than  50  per  cent.,  and  the  gaa 
must  be  tree  from  ammonia,  CgHf  and  other  hydrocarbons,  vapour  ot  aloohol. 
ether  and  essential  oils.  In  the  instance  chosen,  the  phosphorus  method  would 
hence  not  be  applicable,  as  the  mixture  contains  C,H, ;  therefore  pyro^llol  must 
be  used.  The  absorption  la  carried  out  in  the  compound  absorption  pipetle 
(fig.  Ill),  the  bulb  of  which  is  completely  filled  with  an  alkaline  solution  of 
pyrogallol  made  by  dissolving  1  part  (by  volume)  of  a  25  per  cent,  pyn^allol 
solution  in  6  parts  of  a  60  per  cent,  solution  ot  caustic  potash.    The  absorption  is 
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complete  in  nbout  five  minutes,  but  may  be  hMtenad  by  ghaking. 
of  the  (caa  non  contains  C,U,.  CO,  CH4,  U,  N,  and  the  next  step  h  to  absorb  the 
CjH,  by  means  of  fuming  SOj,  the  CH,  being  Bubsequently  determined  by 
eiplosion.  In  choosing  the  latter  method  a  portion,  say  half,  of  the  residual  gB« 
is  taken  for  tbe  estimation  of  hjdro^n.  Tfae  abwrptiou  of  the  hydrogen  is 
based  on  the  fact  that  palladium  black  is  capable  of  completely  burning  hydrogen 
when  mixed  with  excess  of  air,  and  slowly  passed  over  the  metal  at  the  ordinary 
temperature.  About  li  gm.  of  palladium  black  are  placed  in  a  ?mall  U-tube 
plunged  into  a  small  beaker  of  cold  water,  and  the  ga*,  miied  with  an  excess  of 
air  (nhicli,  of  counte,  must  be  accurately  measured),  is  passed  slowly  throuuh  the 
tube  two  or  three  times.*  the  tube  at  the  time  being  connected  with  an  orainaiT 
absorption  pipette  Glled  with  water  or  else  with  the  KOU  pipette,  which  in  thia 
case,  of  course,  simply  serves  as  a  kind  of  receiver.  Finally  the  gas  is  syphoned 
back  into  the  burette  and  measured — two-thirda  of  the  contraction  correspond  to 
the  amount  of  U  ori^nally  present  in  the  mixture  of  gas  and  air.  The  CH,  in 
not  attacked  by  ordinary  30  per  cent.  SOj  Nordhausen  acid  during  the  absorption 
of  tlie  C,H,.  The  acid  iK  contained  in  an  absorplion  pipette  (Qg.  1 10),  the  bulb 
of  which  is  RUed  with  pieces  of  broken  glass  so  as  to  offer  a  lai^r  absorbing 
surface  to  the  gas.  The  absorption  Is  complete  in  a  few  minutes,  but  the 
remaining  gas  previous  to  measuring  should  be  passed  into  tbe  KOH.  pipette  and 
bftck  again,  so  as  to  free  it  from  fumes  of  60,.  Residual  gas ;  CO,  CHj, 
H,  N.  Tbe  CO  is  next  absorbed  by  means  of  an  ammoniacal  solution  of 
cuprous  chloride  in  a  compound  absorption  pipette.  The  gas  has  to  be  shaken 
with  the  absorbent  for  about  three  minutes.  It  must  be  borne  in  mind  that 
CUjClj  solution  also  absorbs  oxygen,  and.  according  to  Hempel,  consideiable 
quantities  of  CgH,,  hence  these  gases  must  be  removed  previously,  Beeidue ; 
CU„  U,  N.  Both  CH,  and  U  niay  now  be  estimated  either  by  exploding  with 
an  excess  of  air  in  the  explosion  pipette  and  measuring  (1)  the  contraction 
produced,  and  (2)  the  amount  of  CO,  formed  (by  means  of  the  KOH  pipette) ; 
or,  according  to  dempel,  absorb  the  hydrogen  first  of  all  as  described  above — 
provided  the  U-tube  b«  kept  well  cooled  with  vrater,  inasmuch  as  that  at  about 
200°  C,  a  mixture  of  air  and  CE,  isalso  acted  upon  by  palla-lium.  The  presence 
of  CO,  vapours  of  alcohol,  beniiue  and  hydrochloric  acid  also  interfere  with  the 
absorption  by  palladium. 

The  palladium  may  be  used  for  many  consecutive  experimentii,  but  must  be 
kept  as  dry  as  possible.  After  it  has  been  used  for  several  absorptions  it  may  be 
regenerated  by  plunging  tlio  tube  into  hot  water  and  passing  a  oarrent  of  dry 
air  through  it. 

Having  estimated  tbe  hydrogen,  the  CH,  in  the  remaining  portion  of  the  gas 
has  to  be  determined.  This  contains  CH,,  N  and  H,  the  amount  of  the  Utter 
being  known  from  the  previous  experiment.  The  gas  is  mixed  with  the  requisite 
quantity  of  air  and  hydrogen,  introduced  into  the  explosion  pipette  and  fired  by 
means  of  a  spark.  The  water  resulting  from  the  combustion  condenses  in  the 
bulb  of  the  pipette,  whilst  the  CUj  formed  is  absorbed  by  the  KOH  solution 
present.     Kence  the  total  contraction  produced  corresponds  to  : 

a.    The  hydrogen  present  in  the  original  gas  +  i  its  vol,  of  O  (the  quantity 
requisite  for  complete  combustion). 
^    b.     The  known  quantity  of  hydrogen  added  ti  its  vol.  of  O. 

c.    The  CH,  present  +  2  vols,  of  O  requisite  for  its  combustion. 
CH4  +  0,  =  (CO,  +  2HjO) 
2  4  disappears. 

Since  a  and  6  are  known,  or  can  be  readily  calculated  from  the  previous  dat*,  by 
subtracting  (a  +  b)  from  tbe  total  contraction  it  is  possible  to  obtain  C  — (a+  £)'•£ 
contraction  due  to  CU4  alone,  and  one-third  of  this  is  equal  to  the  volumeof  CH,, 
present,  as  will  be  readily  seen  from  the  above  equation. 
The  remaining  nitrogen  is  estimated  by  difference. 

...                            I  mar  be  burned  Id  tbe  taba  coDtainiDr  ths  Twllsdlum  uhnntm 
fibre  
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Improved  arrangement  of  Hempel's  Pipettes  for  storing 
and  using  ab8orbent8.^P.  P.  Bedsoti  has  designed  an  arrange- 
ment  of  pipettoa  which  he  uses  in  connection  with   a   Dittuiar's 
measuring  apparatus,  but  wliich  may  of  course  be  uaed  with  other 
forms  of  Kas  ai)paratus,  by  suitable  connections.     The  pipettes  are 
shown  in  fig.  112,  and  their  use  may  be  described  as  follows  i— A 
capillary  tulw  with  a  three-way  cock  A  is  soldered  to  the  Hempel 
pipette — the  capillarj'  is  drawn  out  and  bent  so  as  to  pass  into  the 
mercury  trough.     The  tap  A  can  be  placed  in  connection  with  C,  to 
which  is  attacheil  a  movable  mercury  reservoir  D.     In  working,  e.g., 
transferring  gaa  to  E,  the  absorbent  fills  E  and  the  capillary  of  tap  A 
By  raising  1)  the  vessel  C  and  capillary  B  are  entirely  filled  with 
mercury.     B,  of  course,  is  immersed  in  the  mercury  trough.     Having 
filled  B  with  mercury,  the  test  tube  containing  the  gas  to  be  examined 
ia  brought  over  the  end  of  B  and  some  gaa  drawn  into  C  by  depressing 
D.     The  tap  is  then  turned  to  put  the  tube  in  connei'tion  with  E,  and 
the  gas  forced  into  E  by  depressing  the  tube  in  trough.     By  raising 
and  lowering  the  tul>e  the  gas  can  be  brought  into  intimate  contact 
with  the  absorbent  and  absorption 
thus  promoted.     To  bring  all  the 
gaa  into  E,  D  is  again  used  and 
the  remainder  of  gas  drawn  into 
C  by  depressing  1) ;  then  by  turn- 
ing the  tap  round  the  gas  from  C 
can  be  forced  into  E ;  the  tap  is 
then    turned    so  as   to    put    the 
capillary  and   E    in    connection, 
and  the  gaa  flows  into  E  with  a 
small     portion     in    capillary    B, 
retainetl  by  the  column  of  mercury 
filling  the  bent  limb. 

The  gas  may  be  left  thus  for 
some  hours  ;  and  to  transfer  it  to 
the  tube,  C  and  E  are  placed  in 
connection  by  suitably  turning 
the  tap;  then  by  depressing  I) 
some  gas  ia  drawn  into  C  and  the 
tap  turned  so  as  to  put  C  and  the 
Fig.  113.  tube  in  connection. 

By  carefully  raising  I)  the 
mercury  is  washed  out  of  B  and  some  of  the  gas  passes  into  the  tube. 
With  B  lilear  of  mercury  and  filled  with  gas,  the  tube  and  E  are 
placed  in  connection  and  the  gas  flows  out  of  E  into  the  tul>e.  When 
the  li(iuid  from  E  has  risen  so  as  to  fill  the  vessel  up  to  the  tap  (the 
capillary  of  Hie  tap  l>eing  also  filled),  the  tap  is  turned  to  put  C  and 
B  in  connection ;  then  by  raising  1>  all  gas  is  washeil  out  of  C  and 
capillary  into  the  tube  used  for  its  collection  and  transferred  to  the 
measuring  tube. 

Bedson  also  attaches  to  the  measuring  apparatus  a  vessel  containing 
a  known  volume  of  air  at  known  temperature  and  pressure,  as  recom- 
mended by  Lunge,  so  as  to  dispense  with  the  otherwise  necessary 
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corrections.     Further  details  as  to  the  various  uses  to  which  Heiupel'a 
gas  pipettes  and  other  simple  forms  of 
gas  api>aratus  may  be  adapted,  will  be 
found    in     Hempel's     Gas    AneUym 
(Macmillan,  1892). 


I  109.  Thb  nitrometer  lias  been 
incidentally  alluded  to  in  §  71  (page  373) 
as  being  useful  for  the  eetimation  of 
nitric  acid  in  the  form  of  nitric  oxide. 
It  was  indeed  for  this  purpose  that  the 
instrument  was  originally  contrived,  more  ■ 
especially  for  ascertaining  the  proportion 
of  nitrogen  acids  in  vitriol. 

The  instrument  has  been  found 
extremely  useful  also  for  general 
technical  gas  analysis,  and  for  the  rapid 
testing  of  such  substances  as  mai^nese 
peroxide,  hydrogen  peroxide,  bleaching 
powder,  urea,  etc.  The  apparatus  in  its 
simplest  form  is  shown  in  fig.  113,  and 
consists  of  a  graduated  measuring  tube 
fitted  at  the  top  with  a  three-way  stop- 
cock, and  a  glass  cup  or  funnel  ;  the 
graduation  extends  from  the  tap  down- 
wards to  50  c.c.  usually,  and  is  divided 
into  y'j  c.c.  The  plain  tube  known  as 
the  pressure  or  level  tube,  is  about  the 
same  size  as  the  burette,  and  is  connected 
with  the  latter  by  means  of  stout  elastic 
tubing  bound  securely  with  wire.  Both 
tubes  are  held  in  clamps  on  a  stand,  and 
it  is  advisable  to  fix  the  burette  itself 
into  a  strong  spring  clamp,  so  tluit  it 
may  be  removed  and  replaced  quickly.       t 

One  great  advantage  over  many  other  '^ 
kinds  of  technical  gas  apparatus  which 
pertains  to  this  instrument  is,  that  it  is 
adapted   for  the  use   of  mercury,  thus 
insuring  more  accurate  measurements,  and  enabling  gases  soluble  in 
water,  etc.,  to  be  examined. 

Another  form  of  the  same  instrument  is  designed  by  Lunge  for  the 
estimation  of  the  nitric  acid  in  saltpetre  and  nitrate  of  soda,  where 
a  larger  volume  of  nitric  oxide  is  dealt  with  than  occurs  in  man> 
other  cases.  In  this  instrument  a  bulb  is  blown  on  the  burette 
just  below  the  tap,  and  the  volume  contents  of  this  bulb  bemg  found, 
the  graduation  showing  its  contents  begins  on  the  tube  at  the  pomt 
where  the  bulb  ends,  and  thence  to  the  bottom ,  the  level  tube  also 
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has  a  bulb  at  bottom  to  coDtain  the  mercury  displaced  from  the  burette. 
Illustrations  of  thia  fonn  of  nitrometer  will  be  found  further  on. 

The  following  description  of  the  manipulation  required  for  the 
estimation  of  nitrogen  acida  in  vitriol  applies  to  the  ordinary  nitro- 
meter, and  applies  equally  to  the  estimation  of  nitrates  in  water 
residues  and  the  like  (see  p^e  268)  ;— 


and  »aout  tnu!  inches  up  the  tube  b.  The  tap  is  now  closed  completely, 
and  from  0'5  to  S  c.c.  of  the  uitroiis  vitriol  (sccordin^;  to  streDgth)  poured 
into  the  cup.  i  ia  then  lowered  and  the  tap  cautiously  opened  to  the 
burettfj  aud  shut  i^uickly  when  all  the  acid  except  a  mere  drop  has  run  in, 
carefully  avoiding  the  pasiage  of  nnj  air.  3  o.o.  of  strong  pure  H,SO,  are 
then  plaoed  in  the  cup  and  drawn  in  as  before,  theo  s  further  2  or  S  c.c.  of  the 
acid  to  riu«e  all  traces  of  the  xample  out  of  the  cup.  a  \a  then  lAken  out  of 
it«  chkmp,  and  the  evolution  of  gas  started  by  incliDing  it  several  times  almost  to 
a  horizontal  positioa  and  suddenly  righting  it  again,  so  that  the  mercury  and  acid 
are  well  mixed  and  shaken  for  a  minute  or  two,  until  no  further  gas  is  evolved. 
The  tubes  are  so  placed  that  the  mercury  in  i  is  aa  much  higher  tbiin  that 
in  a  oa  19  required  to  balance  the  acid  in  a  ;  this  takes  about  one 
measure  of  mercury  for  6*6  measures  of  acid.  When  the  gaa  has  assumed  the 
temperature  of  the  room,  and  all  fittth  subsided,  the  volume  is  read  off,  and 
also  the  temperature  and  pressure  from  a  thermometer  and  barometer  near  the 
place  of  operation.  The  level  should  be  checked  by  opening  the  tap,  when 
the  mercury  level  ought  not  to  change.  It  it  rises,  Um  much  pressure  has 
been  given,  and  the  reading  must  be  increased  a  trifle.  If  it  sinks,  the  reverse. 
A  good  ptao  is  to  put  a  little  acid  into  the  oup  before  opening  the  tap;  this 
will  be  drawn  in  if  pressure  is  too  low.  or  blown  up  if  too  high.  These  indications 
will  serve  for  a  correct  repetition  of  the  experiment. 

To  empty  the  apparatus  ready  for  another  trial,  lower  a  and  open  the  tap, 
then  taise  i  so  as  to  force  both  gas  and  acid  into  the  cup;  by  opening  the  tap 
then  outwards,  the  bulk  of  the  acid  can  be  collected  in  a  beaker,  the  last  iropa 
being  wiped  out  with  blotting-paper.  It  is  hardly  necessary  to  say  that  the  tap 
must  be  thoroughly  tight,  and  kept  so  by  the  use  of  a  little  vaseline,  taking  care 
that  none  gets  into  the  bore-hole. 

The  calculations  for  nitrogen  are  given  on  page  268. 

It  18  evident  that  the  nitrometer  can  be  made  to  replace  Hempel's 
burette  if  so  required,  by  attaching  to  the  side  opening  of  the  three- 
way  tap  the  various  pipettes  previously  described,  or  smaller  pipettes 
of  the  same  kind  to  be  used  with  mercury,  as  described  by  Lunge 
(Berichte,  xiv.  14,  92). 

The  instrument  may  also  be  very  well  employed  for  collecting, 
measTiring,  and  analyzing  the  gases  dissolved  in  water  or  other  liquids. 
An  illustration  of  this  method  is  given  by  Lunge  and  Schmidt 
(Z.  a.  O.  XXV.  309)  in  the  examination  of  a  sample  of  water  from 
the  hot  spring  at  Leuk  in  Switzerland. 

The  determination  of  the  dissolved  gases  was  made  in  the  nitro- 
meter, arranged  as  shown  in  figs.  114  and  115  : — 

The  flask  A  ia  completely  filled  with  the  water;  an  india-rubber  plug  with  a 
capillary  tube  (o)  passing  through  it  is  then  inserted  in  the  flask,  and  the  tube  is 
thereby  completely  filled  with  water.  The  whole  is  then  weighed,  and  the 
difference  between  this  and  the  weight  of  the  empty  flask  and  tube  gives  the 
amount  of  water  taken.  The  end  of  the  capillary  tube  is  then  connected  to  the 
aide  tube  of  the  nitrometer  by  the  tube  b.  The  nitrometer  is  then  completely 
filled  with  meronry,  and  when  tbe  tubes  are  quiet,  the  flask  and  measuring  tube 
of  tbe  nitrometer  are  quickly  placed  in  conneotjon,  without  the  iutroduotiOD  of 
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Mje  slightest  tnue  of  air.  The  wa(«r  in  the  Sasi  is  tbeti  slowly  heated  to  boiling. 
Some  water  m  well  »e  the  diKBolved  gsseti  uoUect  \u  the  meuuriug  tube  of  the 
nitromet«r.  The  tube  N  of  the  nitrometer  should  be  lowered  in  order  that  the 
boiling  may  lake  place  under  reduced  prewiire.  Atier  boiling  for  five  to  teu 
rainuteK,  the  Htop^cock  is  qiiicklv  turned  through  ISO*,  so  that  the  flimk  is  placed 
in  combination  with  tlie  cup  li  containiuK  mercury,  and  the  flame  removed. 
Since  the  mercury  staudii  lower  iu  N  than  in  H,  it  Is  not  possible  for  any  loss 
of  gas  to  take  place  at  the  moment  of  turniu);  the  tap.  It  is  also  imposBible  for 
any  gas  or  steam  to  escape  throujjh  the  mercury  cup,  since  the  pressure  ia 
inward.  A  small  bubble  of  gas  alwaj's  reuiaiiis  nnder  the  stopper  ;  this  is 
brought  into  M  bv  lowering  the  tube  N  as  muchas  possible,  and  then  turning  the 
stop-cock  so  thai  llie  flaak  and  measuring,'  tube  are  a«ain  placed  in  connection, 
and  when  the  bubble  has  passed  over,  quickly  reversinf^  the  tap  again. 


Fig.  114.  Fig.  115. 


When  the  whole  of  the  gas  is  collected  in  the  nitrometer,  it  is  connected  with 
a  second  instrument,  O  P,  quile  full  of  mercury.  The  gas  is  then  transferred  by 
placing  the  tap  in  such  a  i>osition  that  it  is  cloEied  in  all  directions,  and  the 
tube  M  is  heated  hy  passing  steam  through  the  tube  R.  When  it  is  quite  hot 
the  tube  N  is  lowered,  causing  the  water  in  M  lo  boll,  in  order  to  expel  every 
trace  of  dissolved  gas.  The  laps  are  then  placed  in  connection  and  the  gas 
passes  over.  It  can  then  be  cooled,  measured,  and  submitted  to  analysis.  Two 
eiperiments  gave  505  gm,  water  taken,  gas  evolved  5-06  c.c,  =  lOija  per  1000  gm. ; 
502 gm.  watertaken,  gas  evolved  494 c.c,  =  9-84 per  1000 gm. 

Lunge's  Improved  Nitrometer  for  the  Qfte-Volumetrio 
Analysis  of  Permanganatei  Chloride  of  Lime,  Hanganese 
Peroxide,  etc. — Lunge  in  describing  this  ina'^mment  (J.  A'.  C.  I. 
ix.  21)  says;^ 

"  In  a  pajCT  published  in  the  Chemitrhe  IndualHf.  1885,  161,  I  described  the 
manifold  uses  to  which  the  nitrometer  can  be  put  as  an  apparatus  for  gas 
analysis  proper,  as  an  absorptiometer.  and  especially  [or  gas- volumetric  analyses. 
To  fit  it  tor  the  Ust-menlioned  object,  I  added  to  it  a  Oask,  provided  vrith  an 
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inner  .tube  fused  on  to  iti!  bottom,  uid  »nspended  from  the  aide  tube  of  the 
nitrometer,  m  shown  in  fig.  116,  which  at  the  same  time  exhibits  the  Qreiner 
and  Friedrich's  patent  bip.  This  shows  howanj  ordinv?  Ditrometer,  such  as 
are  now  found  in  most  cbemical  laboratoriee,  can  be  applied  to  the  betore- 
mentioned  uses.  Where,  however,  the  methods  concerned  are  to  be  employed 
not  moTelj  occasionally,  but  regularly,  it  nill  be  preferable  to  get  a  nitrometer 
Bpeoially  adapted  to  this  use,  of  which  figs.  X17  and  118  show  varioos  forms. 


Pig.  116.  Kg-  118. 

They  have  no  cup  at  the  top,  wliich  is  quite  unneoessary  for  this  purpose,  but 
merely  a  short  outlet  tube  for  air.  Pig.  117  shows  an  instrument  provided  with 
one  of  the  new  patent  laps,  which  are  certainly  very  handy,  and  cause  a  much 
smaller  number  of  spoiled  teete  than  the  ordinary  three-way  tap,  as  ehown  in 
fig.  118,  which  at  the  same  time  eiMbita  the  form  of  nitrometer  intended  for 
large  quantities  of  gas,  the  upper  part  being  widened  into  a  bulb,  below  which 
the  graduation  begins  with  either  60  or  100  c.c,  ending  at  100  or  140  c.c 
respeclJTely.    There  are  also  various  shapes  of  flasks  shown  in  these  instruments, 
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but  it  in  unneceamrj  to  saj  that  the^,  tu  irelL  m  tbe  bulb  arnkngemeDta,  cui  be 
applied  to  any  otber  form  of  tbe  instrument.  The  tjitrometcrs  u«ed  for  gis- 
Tolumetric  anslyeee  ate  beat  graduated  in  such  manDer  that  tbe  zero  poiDt  b 
about  a  centimeter  below  the  tiip,  whilst  ordin&ry  nitrometers  have  their  lero 
paint  at  the  t&p  itaelf.  I  will  xa;  at  once  Dist  for  all  eatimationa  of  oxygen  in 
permanganate,  bleach  or  m»ng»nwe,  it  in  quite  unnecessary  la  employ  mercury 
for  filling  tbe  indtniments,  since  identical  results  are  obtained  with  ordinary 
tap  water ;  but  it  is  decidedly  advisable  to  place  thin  ingtrument,  like  any 
ordinary  nitrometer  or  ang  other  apparatuH  in  which  gases  are  to  be  measured,  in 
a  room  where  there  are  as  few  changee  of  teinpenture  by  cold  draughts  or  gas- 
burners,  and  so  forth,  as  possible, 

"  It  may  be  as  well  to  give  here  a  general  description  of  the  mode  of  procedure 
tor  manipulating  gas-volumetrio  analysis  with  the  nitrometer,  common  to  all 
analyses  according  to  this  nietliod.  Pill  the  nitrometer  with  water  or  mercury  by 
raising  the  level  lube  till  tbe  level  of  the  liquid  in  the  graduated  tube  is  at  zero 
(in  the  case  of  instnimenle  bearing  the  zero-mark  a  little  below  tbe  tap,  a9  in 
flgB.  117  and  118),  or  at  10  c.c.  (in  the  case  ot  ordinary  nitrometers  beginning 
their  graduation  at  the  tap  itself).  It  is  unnecensary  to  say  that  in  the  lat!«r 
case  all  readings  must  be  diminished  by  1  c.c.  Close  the  glass  tap.  Put  tbe 
substance  to  be  tested  into  the  outer  space  at  the  flask,  together  witn  any  other 
rengent  apart  from  tlie  HjO,  (in  the  cane  of  bleaching-powder  nothing  but  the 
bleach  liquor,  in  that  of  permanganate  the  30  c.c,  of  sulphuric  ncid,  etc.).  Now 
put  the  U]0]  into  the  inner  tut>e  of  the  flask.,  after  having,  in  the  case  of  testing 
tor  chlorine,  made  it  alkaline  in  the  previously  described  way.  Put  the  india- 
rubber  corit,  still  hanging  from  the  tap.  on  to  the  flask,  without  warming  the 
latter,  as  above  described.  As  this  produces  a  compression  of  the  air  within  the 
aaiek,  remove  this  by  taking  out  tbe  key  of  the  tap  in  Ggs,  116,  117,  or  118, 
turning  it  for  a  moment  so  as  to  communicate  with  the  short  outlet  tube.  Now 
turn  tlie  tap  back,  mix  the  liquids  by  inclining  the  flask,  shake  up  and  allow  the 
action  to  proceed.  As  the  gas  passes  over  int«  the  graduated  tube,  lower  the 
level  tube,  bo  as  to  produce  no  undue  pressure ;  at  last  bring  the  liquid  in  both 
tubes  to  an  exact  level  and  read  otf. 

"  In  the  case  of  bleach  analysis  all  the  oxygen  of  the  chloride  of  lime  is  given 
off,  together  with  exactly  as  much  oiygcn  of  the  HjOj.  The  total  i?  just  equal 
to  the  volume  of  chlorine  ga»  which  would  be  given  off  by  tbe  chloride  of  lime, 
and  thus  immediately  represents  the  French  or  Gay-Liissac  chlorometric 
degrees,  ot  course  after  reducing  the  volume  to  0°  and  760  m.m.  pressure.  (The 
reading  of  the  barometer  must  be  corrected  by  deducting  the  tension  of  aqueoua 
Tapour  for  tbe  leraperalure  observed  as  well  as  the  expansion  of  mercury, 
according  to  the  tables  found  everywhere.)  These  reductions  can  easily  be 
performed  by  the  tables  contained  in  the  "Alkali-Makers'  Pocket-book"  (pages 
34  to  46),  which  I  had  calculated  a  number  of  years  ago,  just  in  order  to  facilitate 
tbe  use  ot  tbe  nitrometer." 

Lunge's  Oasvolumeter  ia  an  apparatus  for  dispenniiig  with 
reduction  calculations  in  measuring  gaa  volumes  (<Iescribed  by  Lunge 
in  Zeiieehrift  f.  angew.  Chem.  1890,  139-144,  and  here  quoted  from 
J.  S.  C.  I.  ix.  547). 

In  technical  gaa  analysis  a  considerahle  amount  of  time  is  taken  up 
by  calculations  for  reducing  gas  volumes  to  standard  temperature  and 
pressure.  In  pure  gas  analysis  tlie  inconvenience  is  not  so  great ;  for 
technical  purposes  the  initial  and  end  temperature  and  pressure  may 
be  taken  as  the  same,  owing  to  tlie  short  duration  of  the  experiment, 
and  for  more  accurate  purpose  "compensators"  have  been  devised. 
Wliore,  however,  the  gas  to  be  measured  is  evolved  from  a  weighed 
quantity  of  a  liquid  or  solid  (so  that  volume  and  weight  have  finally 
to  be  connected)  the  matter  is  different,  and  readings  of  thermometer 
and  barometer  have  to  be  made,  and  then  the  necessary  calculations 
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are  to  be  gone  through.     Tables  of  reduction  have  certainly  been 

compiled    for    reduction    of     gasea    at    various    temperaturee    and 

pressures,    but   still    readings   of  thermometer  and    barometer  have 

to  be  made,  and  part  of  the  time 

only  is  saved.     To  further  reduce 

the  time  occupied  and  to  render 

the   technical    chemist    in    this 

<lepartment    to    a    great    extent 

independent  of  temperature  and 

atmospheric  pressure  the  present 

apparatus  has  been  constructed. 

By  means  of  a  J-tubf  D  (fig.  119), 
and  tbick-iralled  rubber  tubing,  are 
connected  the  three  tubes  A,  B,  C.  A 
is  for  mensiiriDg  the  gaa ;  it  may  be  any 
formoFrntrometer,  B  Bunte'x  burette 
or  other  convenient  burette.  B  is  the 
"  reduction  tube,"  which  has  at  its 
upper  end  a  spherical  or  cylindrical 
bulb.  The  Toliime  to  the  first  mark  is 
lOJ  c.c,  the  reouuning  narrow  portion 
of  the  tube  being  calibrated  up  to 
130-140  c.c.  in  divisiotiB  representing 
tV  c,c.  This  "  reduotioa  lube"  la 
Bet  once  for  all  at  tlie  begiuning  of 
work  by  observing  thermometer  and 
barometer,  calculating  the  volume 
which  lOO  o.c.  of  perfectly  dry  air, 
measured  at  0°  C.  and  760  m.m., 
would  occupy  under  tbe  exiiiting  coa- 
ditions.  This  quantity  of  air  is  then 
introduced,  and  the  tube  closed  by 
means  of  the  slop-cock  showa,  or  by 
fusing  up  the  inlet  (having  in 
place  of  the  inlet  tube  shown  in  the 
figure  a  tube  of  capillary  bore).  If  it 
be  neceHsary  to  measure  the  gas  moist 
a  drop  of  water  is  introduced  into  this 
tube,  and  of  course  in  the  calculation 
necesKoi^  the  barometric  pressure  must 
be  reduced  by  the  vapour  tension  of 
water ;  if  the  gases  are  to  be  measured 
perfectly  dry  (as,  for  instance,  when 
using  the  nitrometer  tvith  sulphurio 
acid),  a  drop  ot  sulphuric  acid  takes 
the  place  ot  the  water. 

C  is  the  pressure  or  levelling  tube. 

It  necessary  for  the  purpose  of  regulating  the  tempetalnre  A  and  B 
may  be  surrounded  iritb  water-jackets.  A,  B,  and  C  aie  supported  by  spring 
clamps.  It  is  easily  seen  that  when  by  raising  C  the  level  of  the  mercury  in 
B  has  been  forced  up  to  the  mark  100,  exactly  the  amount  of  pressure  is 
exerted  by  C  as  will  compress  the  gas  in  B  to  its  volume  under  standard 
conditions. 

In  taking  a  reading  A  and  B  must  be  levelled  and  the  mercury  level  in  B 
must  have  been  brought  up  to  100.  The  volume  shown  on  A  is  then  the 
volume  reduced  to  standard  temperature  and  pressure.  In  cases  where  the  gas 
is  generated  in  A  itself,  or  where  the  gas  is  transferred  to  A,  this  is  all  that 
oeM  be  done.     If,  however,  the  gas  is  generate  in  a  side  apparatus,  as  shown 
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i«duct,ion  ni>7  be  effected  u  aJread;  expbined. 

In  uitroi^n  determinationg  by  Dumas'  method,  A  contAiiu  caiutio  potuh  as 
well  M  mercuiy ;  tbis  is  compensated  bj  harint;  oa  tbe  reduction  tube,  B,  a.  nuurk 
kt  a  distance  below  the  100  mark  equal  to  nne-tenth  ot  tbe  height  of  tbe  caustdo 
potash  column  (sp.  gr.  of  the  caustic  potasb  equals  one-tenth  ep.  gr.  of  merourj)  ; 
when  taking  a  reading  tbe  mercury  in  B  must  be  nt  100,  and  that  in  A  must  be 
on  •  level  with  this  new  lower  mark  ot  B.     Similar  allomnce  may  be  made  in 


uitTometric  determinatioua,  but  the  case  is  here  more  difficult,  owing  to  tbe 
variations  in  the  quality  and  specific  gravity  of  the  sulphuric  acid  lUM.  It  is 
better  in  such  cases  to  liberate  the  gjis  in  a  neparate  vesnel  and  transfer  subse- 
quently to  the  burette  for  reduction  and  measurement.  Fig.  120  shows  a 
convenient  form  o!  apparatus.  Of  course  tbe  working  part  E,  F  need  not  bo 
graduated.  Before  beginning  the  operation  the  mercury  is  made  to  fill  E  with 
the  side  tube  a,  whicE  side  tube  is  then  capped  with  a  caoutchouc  stopper  to 
prevent  escape  of  the  mercury  during  suteequenl  shaking.     A,  with  ite  side 
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tube  e.  IB  &lao  completely  filled  with  merDury.  The  Bub^lsjioe  under  examination, 
and  aubsequeutly  the  acid,  are  added  through  C  as  usual.  To  truiater  tbe  gas 
from  E  to  A,  the  cap  b  is  remoTed  ood  a  is  fitted  to  a  by  tneiuis  of  the  rubber 
coDnectioQ  d.  P  is  then  raised  and  C  lanei«d,  the  taps  are  carefully  opened,  and 
transference  effected  until  the  acid  in  B  just  Ella  e, 

A  further  saving  of  time  may  be  effected  in  works,  where  the 
instrument  is  to  be  used  for  always  one  and  the  same  object,  by 
marking  on  the  gas  burette  or  nitrometer  the  weight  in  miiligisms 
corresponding  to  certain  volunies ;  this  may  be  done  either  instead  of 
or  alongside  the  c.c.  divisions ;  or  by  using  a  fixed  quantity  of 
aubatance,  percentages  may  be  marked  off  directly.  For  nitrogen 
determinations  by  Dumas' method  1  c.c.  of  nitrogen  under  normal 
conditions  weighs  1-254  m.gm.  In  the  case  of  azotometric  determina- 
tions of  ammoniacal  nitrogen  (by  sodium  hypobromite)  the  graduations 
may  be  made  to  represent  ammonia.  Correction  must  be  made  in 
graduating,  however,  for  the  incompleteness  of  the  reaction.  Tables 
giving  the  corrections  have  been  introduced,  but  the  author  has 
shown  (Chem.  Ind.  1885,  166)  that  these  may  be  dispensed  with,  and 
that  it  is  sufficient  to  make  a  correction  of  2-5  per  cent.  For  urea, 
however,  the  correction  is  9  per  cent. 

The  following  table  shows  substances  for  which  gasometric  methods 
are  used ; — 


CalonLiled. 

MethOil 

Oaa 
Etohed 

ic.o.ora« 

Nitrogen 

Dumas' 

N 

1-261 

Ammonia  salts    ... 

Hypobrmte 

N 

1!85* 

Ammonia 

N 

I-661* 

Urine :: 

Urea 

N 

2-962» 

Bone-charcoal,  etc. 

Carbon  dioxide 

Decompoeed 
withHCI 

CO, 

1-966 

Calcium  carbonate 

CO, 

4-468 

Pyrolusile" 

ByH^, 

0 

Bleaching   powder 

Chlorine 

0 

1-6835 

Potassium  perman- 
Chlu^ltpatre:;;'" 

Oiygen 

0 

0716 

Sodium  nitrate 

Nitrometer 

NO 

3-805 

Nitrous  bodies     ... 

&°4 

;; 

NO 
NO 

1-701 
2-820 

Nitric  acid  3&-  B. 

NO 

6-330 

Sodium  nitrate 

NO 

3-805 

Nitwglycerol,   dy- 
namite, etc  

TrinitioglyeerDl 

„ 

NO 

3-387 

Nitrogen 

NO 

0-6267 

roiylin   

" 

NO 

0-6267 

*  Tbe  oomctknis  kboTs  refwred  to  hiTe  hare  alrsul;  been  made. 

Japp  {/.  C.  S.  lix.  894)  describes  a  modification  of  Lunge's 
gasvolumeter,  by  means  of  which  with  accurately  graduated  ordinary 
50  C.C.  gas  burettes  any  required  single  gas  may  without  observation 
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of  temperature  or  pressure,  and  without  calculation,  be  measured 
under  Buch  conditions  that  eacli  c.c.  represents  a  milJigram  of  the  gae: 
The  name  "  pravivolumeter  "  ie  appropriately  yiven  to  this  instrument, 
and  it  undoubtedly  possesses  this  advantage  over  Lunge's  instrument 
that  it  obviates  the  necessity  of  having  a  number  of  different  gas- 
volunieters  for  different  Eubatances,  and  moreover  its  manufacture 
involves  no  large  amount  of  skill,  as  the  ordinary  graduation  in  c.c.  in 
■^  or  ^jg  is  all  that  is  required. 

The  apparatus  ii  reprecented  in  Jig.  121.  It  coDsbts  of  tno  gas  buTettes,  of 
60  c.c.  npscily  each,  both  furnished  witb  obliquely  bored  tape.  One  of  there 
burettes,  A,  vhich  has  3,  three-wa;  tip,  in  the  gas  mpBcuring  lube ;  the  other,  B, 
which  need  only  have  a  siogle  lap,  performs  Ihe  fuaction  of  the  regutalor  in 


Fig  121. 

Lunge's  gaHTolumeter,  and  may  be  termed  the  "regulator  tube."  Aa  in 
Lunge's  instrument,  both  tubes  are  moistened  internally  with  a  drop  of  nat«r, 
in  order  that  the  gates  they  contain  may  be  pnturated  with  aqueous  rapour,  and 
both  are  connected,  by  means  of  etout,  fleiible  tubing  and  a  J-piece,  with  the 
»aine  movable  reservoir  of  mercury,  C.  Anil  aince,  in  certain  determinations, 
the  level  ot  the  mercury  reeervoit  is  considerably  below  the  lower  end  ot  the  two 
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burettes,  and  >n  inmird  leakage  oT  air  might  thus  occur  at  the  juDCtions  of  the 
burettes  with  the  india-rubt«r  tubing,  the«e  junctiotu  are  surrounded  with 
pieces  ot  wider  india-rubber  tubing,  U,  D.  tied  round  the  bottom  and  open  at 
the  top,  and  filled  with  water,  so  as  to  form  a  water  joint. 

The  25  c.c,  divinion  ot  the  reguUtor  tube  in  taken  as  the  Klarting  point  in 
otlculating  what  may  be  termed  the  "  gravivolumetric  vaJuea"  of  the  different 
gaaen  to  he  measured.  Thus  in  the  caseof  nitrogen  it  is  neceexar;  to  calculate  to 
what  volume  26  c.c.  of  standard  dry  nitrogen  must  be  brought  in  order  that 
1  c.c.  may  correspond  with  1  m.gm.  of  the  gta ;  that  is  to  say,  25  c.c.  of  standafd 
dry  nitn^^n  weigh  0-001266  x  25  =00314  gm. ;  and,  therefore,  these  31'4  m.gm. 
must  be  brought  lo  the  Tolume  of  314  c.c.  The  diTision  31*  on  the  regulator 
tube  igjnarked  Nj.  Correpponding  points  are  in  like  manner  determined  for  the 
-various  other  gases  which  it  is  desired  to  measure,  and  these  points  are  marked 
O],  CO],  etc.,  as  the  case  may  tie,  on  the  regulator  tube.  Finally,  the 
thermometer  and  barometer  are  read  (a  process  only  necessary  once  for  all  in 
setting  the  regulator),  the  volume  which  25  o.o.  ot  standard  dry  air  would  occupy 
if  measured  moist  at  the  observed  temperature  Siud  pressure  is  calculat«d,  and 
this  calculated  volume  of  air  is  admitted  at  atmospheric  temperature  and 
pressure  into  the  regulator  tube  and  the  tap  closed.  The  instrument  is  now 
ready  for  use. 

Suppose  it  is  desired  to  ascertain  the  weight  of  a  quantity  of  nitrogen 
contained  in  the  measuring  tube.  The  mercury  reservoir  is  nised  or  lowered 
until  the  mercury  in  the  regul«t<ir  tube  stand  at  the  nitrogen  mark.  31-4.  at  the 
same  time  adjusting  the  re^^lator  tube  itself  by  raising  or  lowering  it  bodily,  so 
that  the  mercury  level  in  the  measuring  tube  and  the  regulator  tube  may  be  the 
same.  Under  titte  cirrumtlancei  each  i  tibie  centimeter  of  gat  in  the  ntatttring 
tube  rtpreientt  1  m.gyn.  of  nilrogtH.  For  since  in  the  reguhitor  tube  26  C.c.  (rf 
standard  dry  air  have  beea  made  to  occupy  the  volume  of  314  c.c.  and  since  the 
gases  in  the  two  tubes  are  under  the  same  conditions  aa  regards  temperature, 
pressure,  and  saturation  with  aqueous  vapour,  therefore,  in  the  measuring  tube, 
every  26  c.c.  of  standard  dry  nitrogen  have  also  been  made  to  occupy  the  volume' 
ot  314  c.c.  But  26  c.c.  of  standard  dry  nitrogen  weigh,  as  we  have  seen, 
31'4  m.gm. :  so  that  the  problem  is  salved,  and  the  cubic  centimeters  and 
tenths  of  cubic  centimeters  give  directly  the  weight  of  the  gas  in  milligrams 
and  tenths  of  milligrams. 

The  various  other  single  (i.f.,  nnmiied)  gases  may  be  weighed  in  like  manner 
by  bringing  the  mercury  Jn  the  regulator  tube  to  the  '' gnvi volumetric  mark" 
of  the  gas  in  question,  and  adjusting  the  levels  as  before.  An  exception  would 
be  made  in  the  case  of  hydrogen,  which  would  be  brought  to  such  a  volume  that 
the  cubic  centimeter  would  contain  a  tfnih  of  a  milligram. 

Mixtures  of  gases  may  also  be  weighed,  provided  that  the  density  of  the 
mixture  is  known. 

Lastly,  if  the  mercury  in  the  regulator  tul>e  be  brought  to  the  mark  26  and 
the  levels  adjusted,  a  gas  or  mixture  of  gases  in  the  measuring  tube  will  have  the 
volume  which  it  would  occupy  in  the  standard  dry  state.  In  this  form  the 
instrument  is  merely  a  gasvolumeter.  as  described  by  Lunge,  and  may  be  twed 
for  ordinary  gas  analysis. 

The  experiments  matle  Iiy  Japp  witli  the  view  of  aaeertoininy  the 
decree  of  accuracy  of  which  the  apparatus  ia  capable  were  very 
satisfactory,  details  heiiiK  given  in  the  pai>er  mentioned.  Tlie 
Bubataiices  experimented  on  were  Methane,  witli  a  gravivolumetric 
value  ofl7-9;  Kitrogen,  31'4  ;  Air,32'35;  and  Carbon  dioxide,  49-3. 

The  measuring  tube  and  regulator  tube  were  held  by  a  double  clamp,  the  arms 
of  which  could  be  moved  horizontaily,  so  as  to  admit  of  bringing  the  tubes  close 
together  when  necessary.  The  two  tubes  were  so  arranged  that,  after  adjusting 
the  levels  and  ascertaining  that  the  mercury  in  the  regulator  tube  was  at  the 
gravivolumetric  mark,  it  was  possible  to  read  both  levels  without  moving  the 
position  of  the  eye.  The  object  of  this  was  that  any  possible  error  ut  parallax 
might  occur  equally  and  in  the  same  direction  in  both  tubes,  in  which  case  the 
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two  erron  would  tend  to  neutnliie  one  another  in  the  final  result.*  Themerau-y 
ruervwr  ww  bebi  bj  >  clamp  attached  to  a  aepaiate  BtaiKil,  m  that  in  the  cue  <» 
eitreme  differences  of  pressure  the  entile  ttitoA  could  be  placed  on  a  differmt 
level  from  the  rest  of  the  ipparatun. 

AMniming  the  graduation  of  a  gniviTolumat«r  to  be  oorreatf,  or  the  defects  of 
gnduation  to  be  eliminated  by  calibralion,  the  souraes  ot  error  in  such  an 
iDatrument  are,  broadlv  speaking,  four  in  number,  and  are  to  be  found  in 
imperfections  (1)  in  fillius  the  r^ulator,  (2)  in  adjusting  the  levels,  (S)  in 
reading  the  regulator,  ana  (4)  in  reading  the  measuring  tube.  The  first  of 
.these  operations,  that  of  filling  the  regulator,  is  performed  onoe  for  all  with 
very  great  care,  and  may,  for  all  practical  purpoeex,  be  disregarded  a«  a  source  of 
error.  Again,  in  adjusting  the  levels,  the  two  lubes  can  be  brought,  by  meana  of 
the  double  clamp,  within  sudi  a  short  dislanoe  of  one  another  that  the  adjust- 
ment is  also  practically  accurate.  The  real  sources  of  error  lie  in  the  two  last 
operations.  The  burettes  are  divided  into  tenths  of  cubio  centimeters,  and  c»n 
bo  read  with  the  eye  alone  accurately  to  ^  c.c.  Calculating  this  error  on  2S  Co. 
aa  the  aver^  volume  ot  gas  contained  in  the  reguhtlor  tube  and  measuring  the 
tube  respectively,  we  have  1/  (20  j<26)  — lit"  "i^  error  for  each  tube.  But  aa 
the  error  in  the  r^ulator  repeats  Itself  in  exact  proportion  in  the  altered  volume 
of  gas  in  the  measuring  tube,  we  must  add  the  error  of  the  regulator  to  the 
independent  error  of  the  measuring  tube,  in  order  to  aacert^n  the  maiimum 
error,  which  would  thus  be  i|, ;  and  this,  calculated  as  asHumed,  upon  26  o.o.  of 
^KB,  would  be  equal  to  an  error  of  reading  01  c.c.  in  the  final  result.  An 
inspection  of  the  foregoing  experimental  results,  however,  discloeee  the  ^t  that 
the  maximum  error  is  only  half  this  amount,  or  O'OG  c.c. ;  and  this  the  author 
attributes  to  the  fact  that,  owing  t«  the  method  of  reading  employed,  the  errors 
of  reading  in  the  regulator  and  measuring  tube  are  not,  as  assumed  in  the 
foregoing  calculation,  independent,  but  tend  to  neutralize  one  another. 

This  error  of  O'OS  c.c.  is,  however,  the  error  of  reading  ot  any  gaa  burette 
which  is  read  with  the  eye  alone ;  and  the  gravi  volumeter  mij,  therefore, 
'claim  to  pOBSesa  the  same  degree  ot  accuracy  m  Jnstrumente  of  this  class 
((eneraily. 

*  BappoM  tbe  eje  In  reading  to  lie  too  hltrh,  the  mersnc;  la  the  n^nlator  wonld  atand 
bttmiB  thfl  joavlTDLumetrlo  muk.  and  the  gts  io  the  meosurlag  tnba  would  coiuaqueDtlj  be 
eniuided  bejond  ii^  proper  Tolume.  But  owiuK  to  the  eje  baizMr  too  hi^h.  this  too  trrtMi 
volume  in  the  meafluring  tube  would  be  read  off  aa  BDuTIer  than  it  actnailr  ia.  In  the  case 
of  equjiJ  Tolumea  oF  gu  in  re^ulntor  vid  meoiniriiiff  tube,  there  would  thui  be  a  total 
correction  ot  th*  error  oommitted  (eince  the  two  tube*  are  at  equal  bon),  and  Is  everrcaae 
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TABLX  for  Oorreotlon  of  Volumes  of  Gams  for  Temperatim, 
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TABIiS  for  Oorreation  of  Volumes  of  OaBea—eontin'td. 
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TABZiB  for  Correotioii  of  Volum«B  of  Oases  fi>r 
Temperature,  giTing  the  DivUor  for  the  Formula 
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TABLB  fot  Oorreotlon  of  TolnmsB  of  Qamea-^oiUinut^. 
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TABIiE  for  Correction  of  Tolumea  of  QaseB—aoa  tinned. 
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FrdBsore  of  Aqueous  Vapour  in  UiUimetsra  of  Meroury, 
from-O-e'  to  +  36*  0. 
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lis 

■120 

16-0 

13-636 

■3 

■821 

■8 

4016 

■6 

■530 

■1 

■644 

■6 

■187 

■1 

■623 

■2 

-344 

■7 

■047 

•7 

•668 

•2 

■696 

■7 

■25E 

■2 

•710 

■1 

■867 

■6 

■078 

■8 

■60( 

■3 

•647 

■8 

■32S 

■8 

■797 

-6-0 

•890 

■6 

■109 

2.9 

•647 

■4 

■699 

11-9 

■88B 

•4 

•885 

-5-9 

2-914 

-14 

■140 

80 

5'687 

7'6 

■761 

12^0 

10-457 

16-6 

■972 

■8 

938 

■3 

■171 

■1 

■727 

■e 

■804 

■1 

■526 

■6 

14^062 

■7 

■962 

•21 

■203 

■2 

■76^ 

■7 

■867 

•2 

■596 

■7 

■161 

■6 

-98« 

■1 

■235 

•3 

•807 

■8 

•910 

"^ 

■666 

■8 

■241 

■5 

S'OIO 

I'C 

■267 

•4 

-84t 

7-9 

■964 

■4 

-734 

169 

■881 
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§  109.  TABLES  FOR  GAS  AKALY3IS. 

FresBure  of  Aqueous  Vapour— om^uhmi'. 


».».. 

mm. 

mm 

n.m. 

nt.m. 

mm 

170 

14-421 

200 

17-391 

:&o 

20^88t 

^■0 

24e8t 

290 

29-782 

32-0 

35'369 

■] 

■613 

■1 

■500 

21-016 

■1 

25^13f 

-1 

-956 

■559 

■2 

■606 

'   -2 

■60t 

■2 

■144 

-2 

■288 

30-J8I 

-2 

-760 

■8 

■6OT 

■3 

■717 

■3 

■27S 

■8 

■438 

■805 

-i 

■962 

■4 

7« 

■4 

-826 

■4 

-400 

■4 

-688 

■479 

36^I66 

17-6 

■882 

20-5 

■935 

28'5 

■E28 

26-6 

•788 

295 

-664 

32-6 

-870 

-e 

■977 

18-047 

■6 

■658 

■6 

-891 

■6 

■833 

■6 

■576 

■7 

15-072 

-150 

■7 

■700 

■7 

26045 

■7 

31011 

■7 

•783 

■8 

-167 

■a 

■271 

•8 

-921 

■8 

-198 

■8 

■190 

■« 

■991 

17'9 

■262 

20-S 

-383 

23-9 

23053 

26S 

■3B1 

291 

■368 

32-9 

37^200 

18-0 
■1 

16-8B7 

-46^ 

21-0 

■I 

18-49( 

■610 

24'0 
■I 

2Z'184 
■319 

27^0 
■1 

26-eof 

■663 

80-0 
•1 

81-548 

■738 

88-0 

B7-410 
■621 

■1 

-65i 

■2 

■724 

■2 

■463 

■2 

-820 

■2 

•911 

■2 

■832 

■650 

■3 

-838 

■3 

■588 

-a 

■978 

■8 

8209^ 

-8 

38-046 

■717 

-4 

■9M 

■4 

■723 

■4 

27-136 

■4 

■278 

■4 

■258 

J85 

■845 

21-5 

19-068 

24-B 

-8&fi 

27-6 

■294 

80-6 

■463 

835 

■473 

■6 

■945 

■6 

■187 

■e 

-996 

■6 

■465 

■6 

■6R 

■6 

■7 

16-045 

-7 

■306 

2S-13E 

■617 

■837 

■906 

•8 

■146 

■8 

■423 

■8 

■273 

■8 

■778 

■8 

8802t 

■e 

39124 

I8'9 

■24« 

21-0 

-541 

249 

-411 

27-9 

■938 

809 

-211 

88-9 

•344 

190 

16-S46 

22^0 

19^661 

26  0 

23-650 

28-0 

28101 

81-0 

33-406 

84^0 

39-666 

1 

■449 

■1 

■780 

-3 

■692 

■1 

■267 

■1 

■596 

■1 

-786 

■2 

■552 

■2 

■901 

■2 

-884 

■2 

■433 

■2 

-787 

■2 

40-007 

■8 

■65B 

■3 

20^021 

■i 

■976 

-3 

■iss 

■3 

■980 

■3 

-230 

■75( 

■4 

■14S 

24119 

■4 

766 

■4 

84-174 

■4 

-455 

19-5 

■881 

22-6 

-26G 

2B-6 

■281 

28-E 

■981 

Sl-6 

-S6f 

84-5 

■680 

■6 

-967 

■8 

■889 

•6 

■406 

-6 

29101 

■6 

■6ft 

-( 

■907 

■7 

17-073 

■7 

■614 

■7 

■552 

■7 

■271 

■7 

■76£ 

■7 

41185 

■a 

■178 

-8 

■688 

■8 

■697 

-8 

■441 

■8 

-959 

■( 

■864 

1»9 

■285 

22-9 

■76S 

269 

■84S 

28-9 

-612 

81-9 

35-158 

:] 

■695 
827 
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Acetate  of  lime,  estimation  of  -  - 

Ac«taldehyde,  eetimatioa  of  • 

Acetic  acid,  eetimalion  of      - 

AoetiDne,  estiuutioD  of  - 

Acetyl,  value  of  oils  and  fattt 

Aeidioietry  .... 

Acid  value  (oiU,  fate,  and  waxes) 

Acids  and  bases  in  neutral  salU,  estimation  of  comlnned 

Air,  amUysis  of       - 

Aldehydes,  Tariona,  estimation  of  •  -  . 

Albumen  in  urine,  estimation  of  - 

Albuminoid  ammcmia,  procen  for  walare 

Alkalies  in  presence  of  sulphite     ~"      '' 

Alkdimetric  methods,  eitensioi 
.AUulimetry 

Alkaline  compounds,  oommercial,  tfchnicaJ  examination  of . 

Alkaline  earths,  estimation  of  mixed  hydroxides  and  carbonates 
.Alkaline  earths,  precipitation  ss  carbonates        .   - 
-Alkaline  ealt^  tittation  of      - 

Alkaline  salts,  mixed  caustiu  and  carbonated,  titratioD  of 

Alkaliue  permanganate  solution,  preparation  ot    - 

Alumina,  estimation  of  (Baeyer) 

Ammonia,  estimation  of  oombined 

Ammonia,  estimation  of  combined,  indirectlj 

Ammonia  in  urine,  estimation  of  - 

Ammonia  free  and  saline,  in  waters,  estimation  of 

Ammonia  Hemi-normal  ... 

Ammoniacal  gas  liquor,  analyeia  of        - 

Ammoniacal  gas  liquor,  distribution  of  sulphur  in 

Ammoniacal  gan  liquor,  hjdrocjank  acid  in 

Ammoniacal  gas  liquor,  spent 

Ammoniacal  g^  liquor,  sulphite  in       - 

Ammoniacal  gas  liquor,  table  for 

Ammoniacal  gas  liquor,  total  sulphur  in 

Ammoniacal  ™  liquor,  various  compounds  in 

Ammonium  chloride,  standard  solution  for  water  analysis    ' 

Ammonium  sulphate,  technical  analysis  of 

Aniline,  estimation  ot  -  -  - 

Antimony,  estimation  of        - 

Antimony,  oxidation  ot  br  bichromate  or  permanganate 

Antimony,  sulphide,  diBtillatiou  with  hydrochbric  acid 

Aqueous  vapour,  Begnault's  table  ot  tensions  ot 
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Ai^'dI?,  treatment  of  -  - 

Arseuic,  efltimfttion  of  m  a«en»te 
Anvnic,  estimation  ot  id  ftreemtes 
Arsenic,  estimntioQ  ot  ID  presence  of  tin 
Arwiiic,  estimstion  of  in  iroD  aad  steel 
Arsenic,  indirect  estimation  ot 
Arsenic,  oxidation  ot  by  bichromale 
Arsenic,  (nidation  ot  by  iodine 
Amenic,  precipitation  of  as  uisoiiim  ar^tenate 
Arsenic  in  waters,  e«lLination  of 
Arsenioias  acid  and  iodine 
Arsenious  sulphide,  estimation  of  by  iodine 
Arsenite.  deoinormal  sodium  - 
Aspirator,  Dancer's  revolving  gloss    - 
Aurine   .  -  -  - 

Am  dye!i,  titration  of  -  - 

Balance,  tbe  .  .  - 

Barium,  estimation  of  in  neutral  soluble  nlta 

Barium  hydroxide,  decinormal 

Bnrium  in  waters,  estimation  of 

Bicliromate  solution,  decinormal,  pre[>aRLlion  ol 

fiifluoridee,  tltiation  of  • 

Biamnth,  es  ' 


Bleaching  powder,  valuation  of 

Borio  acid  and  borates 

Boric  acid  in  milk,  butler,  etc.,  estimation  of 

Boric  acid  in  meat,  estimation  of 

Bromine,  eslimation  of  - 

Bromine  ralue  of  fats  and  waiea 

Burette,  the  ■ 

Burette,  BinksV  - 

Burette,  Gay  LussacN 

Burette,  Mobr'g  -  .        ^   ^ 

Burette,  Molir's,  pinclicock  for    .    -  - 

Burette,  Mohr's,  stand  for  - 

Burette.  Mohr's,  fool 

Burette  for  iiol  solutions  •     - 

Burettes,  (slibiBtion  ot         • 

Butter-tat,  Kottstorfer's  process  for 

Butter-fat,  Reicliert  process  for 

Butler-fat,  Reicliert-WoUny  process  for 

Cadmium,  estimation  of         - 

Calcimeter.  Soheibler's 

Calcium,  estimation  ot  - 

Calcium,  estimation  of  in  neutral  soluble  salts 

Calcium  in  waters,  estimation  of 

Calcium  and  magnesium  carbonates  in  waten 

Calibration  of  burettes 

Calibration  of  cylinders 

Calibration  ot  Ibisks 

Calibration  o(  pipettes 

Cane-sugar  and  milk-Biigar.  estimation  of 

Carbon  disulphide,  estimation  of 

Carbon  in  steel.  Stead's  oolorimetric  method  for 

Carbonic  acid  and  carbonates,  estimation  of 


7-18 
-  12 
10,12 


lOO^^lC 


Carbonic  »cid  gas,  «etiiii*tk)D  of  by  volume  (SchcibUr) 

Carbonic  acid  ni  in  mtlero,  etitimatioo  of 

CsrboDic  acid  in  a«Tat«d  watere,  ertimation  of      - 

Carbonic  acid  in  air,  estimation  ot  - 

Cauxtic  and  carbonated  alkalis,  titntion  of 

Cauflic  radn  or  potanh,  entimation  of  by  bichromate 

Cerium,  eetimatioo  of  -  ■  ■ 

Chlorates,  iodatee  and  bromatet,  edtimation  of 

Cbloric  acid,  iodometric  e»timation  of  - 

Chloride*,  hypochlorite!!  and  chiorites,  estimalioa  of 

Cblorides,  cbloratee  and  pereblorales, 

Chlorine,  cxinihitifd,  in  waters,  estimaii 

Chlorine,  combined,  in  waUr".  remark' 

Chlorine,  combined,  in  uiorey  or  pesty  waUw,  wtii 

Chlorine,  direct  precipitation  of  with  silver 

Chlorine,  entimalion  of,  by  distillation 

Chlorine,  entimation  of,  by  libenljon  of  iodine 

("bloriiie  ^an  and  bleaching  wimpoiinds 

ChromateH,  eNtimatioo  of  by  distillation 

Chroniates,  reduction  of  by  iron 

Chrome  Iron  ore,  analysif>  of 

Chromic  acid,  ipdometric  estimation  of 

Citnttev,  eslinialion  of 

('itric  arad,  estimation  of        - 

Clark's  process  for  softening  water     - 

Coal-gw,  estimation  of  sulpiiur  in 

Coal-gat>.  example  of  analysis  of 

Cobalt,  estimation  of 

Cochineal  xolution 

Coeflicients  and  logarithms  for  volumetric  anal; 

Coefficients  fur  calculation  of  analy)«s  - 

Colour  reactions.  Dupri  on  - 

Copper,  estimation  of  as  cuprous  iodide 

Copper,  estimation  ol  as  sulphide  (Pelouze) 

Copper,  estimation  of  by  cyanide  (Parkew) 

Copper,  estimation  of  by  stannous  chloride 

Copper,  eilimalion  of  by  Vol  hard's  proci^s 

Copper,  estimation  of  colori  metrically  ■ 

Copjier.  estimation  of  in  waters 

Copjier  ores,  technical  examination  of   - 

Copper,  reduction  of  by  (ftape-sugar      - 

Copper,  reduction  of  by  zinc    - 

Copjier-iinc  couple  for  redurini;  nitrates 

Corallin  • 


:iou  of 
IS  for  nilrates  ii 
*  for  nitral«s  ii 
the  tr 


Cubic  . 

Cyanides  used  in  gold  extraction,  technical 
Cyanogen,  estimation  of  by  iodine 
Cyanogen,  estimation  of  by  mercuric  chloride 
Cyanogen,  estiuiatioii  of  by  silver  solution 
Cylinders,  t^ailualed,  calibration  of 


Uei^iu,  the 

I>e<-imillein.  the 

l)epo«il»ifrom  water,  uiicmscojiic 
Di  hydroxy  tartaric  acid,  preparatii 
Direct  processes  of  analysiw    - 
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Efjgertz's  colorimetric  ratimation  of  carbon  in  steel 
Ether  vslue  o(  faW  and  waxes 
Eudiometer,  method  of  fllling  the  - 

Factor!  for  Calculation  of  amlj><«» 

F^tx,  technical  examination  of 

Fehling'ii  Bolution.  preparation  oE 

Ferric  indicator  for  Volhard's   process 

Ferric  sulphate,  pure,  preparation  of     - 

Ferric^ianide,  pota-fium,  estimation  of  - 

Ferricyaoide,  reduction  to  ferrooyanide 

Ferrochrome.  estimation  of  chromium  in 

Ferrocyanides,  potassium,  oxidation  of  by  permanganate 

Ferrocyanides  in  alkali  wa-^t* 

Filter,  Beaie'»      .... 

Flaski,  graduated   -  -  .  - 

Pla«ki',^raduated,  calibration  of  - 

Float,  Erdmann's 

Fluorides,  eMlDialion  of         - 

Formaldehyde,  estimation  of  ■  - 

Formic  acid,  estimation  of      ■ 

Franklandand  AVafd'^  gas  apparatus 
Free  acid  in  alum  cake,  estimation  of  - 
Free  acid  in  urine,  estimation  of  - 

Gas  analysis,  examples  of  calculation  of  results   - 
(iax  analysis,  normal  solutions  for  - 

(jaa  Hpparatiiii,  Lunge's       .  -  -  - 

Gas  apparatus,  OrBat-Luinte's  ... 

Gas  burette,  Hempel's       .... 
Gas  pipette,  Hempel's         .... 
Gas  pipette,  Hempet's,  Bedson'p  improved  form  of 
Gaspipette,  Winkler's        .... 
Gases  estimated  directly  and  indirectly,  lists  of    - 
Gases,  indirect  detemiinatiouB  of  - 

Gases,  reduction  of  volumes  to  normal  pressure    - 
(iaws,  simple  titration  of       - 

tfases,  volumetric  analysis  of  .  .  - 

(iati  liquor  (see  ammoiiiaciil  t.'a-^  liquor) 
Guvolumeter,  Luni;e's        .  .  .  ■ 

Gasvolumeter,  Lunge's,  Japp's  modification  of 
Giles's  measuring  flask        .... 
Glucose,  estimation  of  by  Fehling's  solution    - 
Glucose,  estimation  of  by  Fehlin^''s  solution  (Caveuand  Hi 
Glucose,  estimation  of  by  Gerrsrd's  cyano-ciipric  process 
(ilucose,  estimation  of  hy  mercury        ... 
■    Glucose,  estimation  of  by  Pavy's  modified  Pehlintt  process 
Glucose,  Sidersky's  method  ... 

Glucose,  cane  sugar  and  dextrin,  estimation  of      • 
Glycerine,  determination  of  - 
Glycerine,  use  of  in  titrating  boric  acid 
Gold,  estimation  of  .... 

(Jraduated  instnimenls,  the  correct  reading  of      - 
Graduated  ingtruments,  instructions  for  preparing,  etching,  etfl, 
(Jriess's  process  for  estimation  of  nitrites 
Hardness  of  irater,  before  and  aft«r  boiling,  estimation  of    - 
Hardness  of  vtater,  Clark's  process  for  estimation  of 
Hardness  of  water,  Hehner  a  process  for  estimation  of 
Hardness  of  H-aler,  reagents  for  - 

Hardness  of  water,  remarks  on  the     ■  - 
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Hard  new  of  water,  Inble  of    - 

Uem pel's  gaa  apparatiui      ... 

Hiibl'a  solution,  prepAralioti  of  - 

Hydrochloric,   hydrobromic  and    bydrioJic  acids,  direct,  n 


Hydrofluoric  acid,  estimalioii  of 

Hydrogen,  Biinsen's  electrolytic  apiratat us  (iir  iire|«rinfr  - 

Hydrogen  peroiide.  estimation  ot  - 

Indicators,  choice  of  .  -  . 

Indicators,  extra  xen^itive      ... 

Indicators,  general  characleristics  of     - 

Indicators,  Ulaner's  cisssificalioD  of    - 

Indicators,  summary  of  Thomson's  reMills  nilh 

Indi)^,  vsiualion  of  .  -  . 

Indirect  processes  of  analysis 

Indirect  estimation  of  potash  and  soda 

inori^nic  nitrogen,  total,  in  waters 

Instruments  graduated  on  the  grain  system 

Instruments  graduated,  tlie  correct  reading  of 

Iodides,  bromides  and  chlorideR,  estimatioti  of  in  mi. 

lodiue  and  sodium  thiosulphate,  principle  of  use  of 

Iodine,  combined,  oxidation  of  by  chlorine 

Iodine,  combined,  oxidation  ot  by  pemiacii.'aniite 

Iodine,  decinormal  solntiou,  prejaration  of 

lodiue.  estimation  of  by  decinormal  silver 

Iodine,  ebtimalion  of  by  distillaliou 

Iodine,  estimation  of  by  nitrous  acid  and  carbon  disiilphide 

Iodine,  titration  of  ... 

Iodine  value,  of  oils  and  fats 

Iron,  estimation  ot  by  InchromaU  (Penny) 

Iron  (ferrous),  e^imation  of  .  . 

Iron  (ferrous),  reduction  from  ferric    - 

Iron  (ferric),  estimation  of  with  iodine  nnd  lliiosulphatc 

Iron  (ferric),  estimation  ot  colon  metrically 

Iron  (ferric),  titration  of  by  sodium  thiosiilplate 

Iron  (ferric),  titration  of  by  stannous  chloride    . 

Iron  (ferric),  titration  of  by  tilauous  chloride 

Iron  in  eilicates,  estdmatioD  of  . 

Iron  in  waters,  estimation  of  . 

Iron  ores,  analysis  of  -  -  - 

Reiser's  portable  gas  api«tatiis 
K  j  e  1  d  a  h  1 '  B  method  for  nitrogen 
Kjeldahl-Ounning  process 
Kjeldahl. Gunning,  Jodlbiuer  process 
Knapp'a  standard  mercuric  cyanide  for  sugar 


Ldcmoid  ... 

Ifcmoid  paper       ... 
Lactose  and  sucrose^  estinutlicu  of 
Lead,  estimation  of  -  - 

Lead  in  citric  and  tartaric  acids,  estimation  ol 
Lead  in  waters,  colorimetric  estimation  of 
Lemon  juice,  estimation  of  citric  acid  in 
Lime  juice,  estimation  of  citric  acid  in 
Lime  and  magnesia  in  urine,  esliuatioD  of 
Litmus  paper         ... 
Litmus  solution      ... 
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MigiKsium,  estinution  of  in  neutral  soluble  ralte 

Mi^oesium,  estimntioa  oF  (Bit  eade) 

Magnesmm  in  wateiB,  estimalion  of 

Uangaitese,  eHtiiDatJon  of  b;  uonversioa  ioto  peroiaDf^Dia  iuxd 

Maogsnese,  sstimatlou  of  tn  small  quantities 

Manganese  ores,  technical  examination  of 

Mangaueae,  permanganate  method  (Volhard) 

Manganese,  preaipilation  procesa  (Pattinson) 

McLeod'n  gas  apparatus 

MeoiBCOij,  error  of  -  -  - 

Mercurj,  estimation  as  mercuric  iodide 

Mercury,  estimation  as  meruuroux  chloride 

Mercury,  table  of  density  and  volume  of 

Methyl  orange        ... 

Metliyl  salicylate,  estimation  of 

Metric  system 

MioroKopic  examination  of  deposits  from  waters 

Millon'^;  base,  use  ol 

Milk  and  cane  su^ar,  estimation  of 

Nessler's  solution,  preparation  of 

Nickel,  estimation  of  -  - 

Nitrates,  estimation  of  as  ammonia  by  copper-zinc  couple 

Nitric  acid,  iudometric  estimation  of 

Nitrit«e,  estimation  by  Griesa's  process 

Nitrites,  estimation  by  Griess  -Ilosvay  method 

Nitrites,  estimation  by  iodometric  method 

Nitrites,  estimation  by  potassium  iodide  aud  starch 

Nitrites,  alkali,  estimation  of  -  - 

Nitrites,   mixtures    of    with    alkaline    sulphites    and    thlosulphates, 

estimation  of   - 
Nitro  and  nitroso  compounds,  titration  of  - 

Nitrogen  including  nitratee,  KjeldahUJodlbauer  process  tor 
N  itrogen  in  organic  substances,  K  j  e  1  d  a  h  I  process  for 
Nitrogen  as  ammonia  la  vaten,  estimation  of 
Nitrogen,  loss  of  by  evaporation  of  ammonia 
Nitrogen,  reduction  of  c.c.  to  grams,      ... 
Nitrogen  as  nitrates,  colorimetric  estimation  of  (Sprengel) 
Nitrogen  as  aitrates,  estimation  by  conversion  into  ammonia 

estimation    by    oxidation    of    ferrous    s 
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Nitrogen  as  nitrates,  estimation  by  SchlAsing's  method   - 

Nitrogen  as  nitrates, estimation  by  Ulsch's  method 

Nitrogen  as  nitrates  in  fertilizen^,  estimation  of    - 

Nitrogen  as  nitrates  in  fertiliwrs,  technical  estimation  in  presence  of 


Nitrogen  as  nitrates  in  waters,  aluniiuium  method  for, 
Nitrogen  as  nitrates  in  waters,  indigo  method  for 

Nitrogen  as  nitrates  in  mossy  or  peaty  — * '' 

Nitrogen  as  nitrates  and  nitri 

oiide  (Crum) 
Nitrogen  as  nitrates  aud  nitrites 
Nitrometer 


gasometric  estimation  as  nitric 
waters,  estimation  of 


iiiLiuiucier,  Lunge's  improTod 

Normal  solutions,  meaning  of  term 

Normal  solutions,  list  of        - 

Normal  solutions,  preparation  of 

Normal  ammonium-copper  solution,  preparutio 

Normal  caustic  potash,  preparation  of   - 

Normal  caustic  soda,  preparation  of 
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Normal  hydrochloric  acid,  preparalion  o 
Normal  tlJtrio  acid,  preparation  ol 
Normal  oialic  acid,  prepamtion  of 
Normal  potassium  carbonate,  preparatio 
Normal  sodium  carlwnate,  preparation  n 
Normal  sulpliuric  aoid,  preparation  of 
Noxious  Vapouru  Act,  provisions  of 


in  of 


Oils,  teuhllioil  CAamuHnniu  V 

Organic  rarbon  and  nitrogen 
Organic  carbon  and  nitro^n 
Oi^anic  carbon  and  nitrogen 
0:^nic  carbon  and  nitrogen 


II  waters,  eslimatiou  of 
11  waters,  reagents  required    - 
II  waters,  limits  recommended 
1  waters,  valiw    '     ''- 


Organic  impurities  in  wal«r,  estimation  of  without  gas  apparatu! 
Oi^lianic  nitnjgen  in  water,  Kjeldahl  procew  for 
Orsat-Lunge^appi«Uis 
Oialic  acid,  titration  of 


Oiidizinx  agents,  list  of 
Oxjgen  absorbed  bj  ■"' 
Oxy^ea  absorbed  by 
Oxygen  disuolved  in 
Oxygen  dissolved  "> 
Oxygen  dissolved 
Oxygen  dissolved 


rs,  estlmaliou  of 
rs,  reagents  for 
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oxygen  aissoivea  in  wntere,  i  iiruB 
Oxvtteu  dissolved  in  waters,  Wink 


I'alladium  asbestos  for  gases  - 

Palladium  asbestos,  preparation  of 

Perchlorate,  estimation  ot  in  Chili  saltpetre 

Persulphatti,  titration  of 

Phenacetolia  as  an  indicator 

Pheuol-phlhUein  as  an  indicator 

Phenol-phthalein  and  methyl  orange,  mixture  of 

Phenol-phthalein,  use  wilfa  normal  potash  solution 

Phenols,  eatimfttion  ot 

Pheuolsul phonic  acid,  preparation  ol 

Phosphoric  acid,  in  bones,  etc.,  estin 

Phosphoric  acid  in  minerals,  estimation  ol 

Phosphoric  add  in  urine,  estimation  of 

Phoaphorio  acid  in  waters,  estimation  of 

Pbsophoric  acid,  titration  of  - 

Phosphoric  acid,  precipitation  of  uranium  phojphate 

Phosphoric  acid,  estimation  of,  Pember ton's  method 

Phosphorus,  estimation  in  iron  and  steel 

Pi[>ette,  the  -  -  ■  - 

Pipette,  calibration  of  the      - 

Potash  and  eodap  indirect  estimation  of 

Potassium  and  sodium  in  waters,  estimation  ot     - 

Potassium,  estimation  liy  sodium  oobalti -nitrite  and  i)ermanganale 

Polausiuin  bydroside  and  carbonate,  estimation  of 

Potassium  in  soils,  estimation  of 

Potassium  iodate,  titrations  «ith 

Potassium  permanganate,  decinormal  solution  of  - 

Potassium  permanganate,  factors  for 

Potassium  permanganate,  titration  of  ferric  salle  . 

Purity  of  commercial  substances,  rule  for  obtaining  percentage  ol 

Pyrites,  burnt,  estimation  of  sulphur  in 

Hatio  ot  organic  carbon  and  nitrogen  in  waters 
Reading  ot  graduated  instruments,  the  correct 
ReageiilB  tor  water  analysis  - 
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R«d  liqUon,  exMninslion  of  - 

Keducing  a^Qlo,  list  of  - 

BegDsult  &Dd  Reixet'x  gna  appanvtiia 

Reiuhert  procesa  of  e.<tiin»ting  biillerfat 

Keichert  value  of  f»la  or  vmxe* 

Reiuhert-MeUHl  process 

KeicLert-Wollnej  method  tor  bulter  aud  in»iy«rine 

Eeichert-Wollney  number 

Bosolic  acid  m^  an  indimtor 


Sachsise's  standard  iiiereurio  iodide  Tor  sui^r  e<tinution 

Sal  ainmoniau,  technical  analysis  of       - 

Halicylic  acid,  eftimation  of    ' 

Salt  cake,  euminstion  of      - 

Sapooilicatiati  vaUie  of  fato  and  waxes  - 

Scheibler's  apparatus  for  estimation  of  cnrbonir  ociil 

Septeni,  the  -  ,  -  - 

Sewa)^  exsmitialion  renults,  syslem  of  recording 

Silicic  acid  in  iraters,  entimation  of 

Silicofluoric  acid,  eKtimatiun  or 

Silver,  estimation  in  acid  solution  (Volliard) 

Silver  in  ores  and  alloyn.  e«liination  of 

Silver  plale,  elc.,  estimation  of  silver  in 

Silver,  precipitation  of  with  sodium  chloride 

Silver  solutions,  photographic,  examination  of 

Silver  nitrate,  decinormal,  preparation  of 

Silver  nitrate,  decinormal,  use  of  in  e^timsting  alkalis  : 

So«p,  analysis  of     - 

Soap,  tftaudard  solution,  prepaiatioo  of 

Soda  ash,  analj-sia  of  -  -  - 

Soda  tyes,  crude  analysis  ot   - 

Sodeau'sgaj  apparatus        ... 

Sodium  chloride,  decinormal  Mliilion  of 

Sodium  direct,  estimation  of  (Pentou) 

Sodium  hydioiide  and  carbonate,  estimation  of    - 

Sodium  peroxide,  estimation  of  uxyjien  in 

Sodium  thiosulphate,  decinormal  solution  of 

Sodium  and  potassium  hydroxides  mixed,  estimation  of 

Softening  water,  Clark  s  process  for   - 

Solid  matter  in  waters,  estimation  ot    - 

Solutions,  atAndard,  preservation  of       - 

Spent  liquor,  ammoniacal,  examination  of 

Standards  ot  purity  for  sewage  effluents 

Standard  salutioiia,  determination  ot  real  strength  of  no 

Starch  indicator      -  .  .  - 

Starch  paper,  iodized 

Steel,  estimation  of  chromium  in 

Strontium,  estimation  in  neutn^  soluble  ^alta 

Sugar,  cane  and  milk,  estimation  of       - 

Sugar,  inversion  of  ■  .  . 

Sugar  in  urine,  estimation  of  -  - 

Sugars,  classes  of    . 

SuraiK,  mixture*  of,  estimation 

Sulphides,  alkaline,  estiniation  by  zinc 

Sulphides,  sulphites,  thiosulphates  and  sulphates,  estimation  ol 

Sulphur,  aikalimetric  estimation  of  (Pelouze)    - 

Sulphur  in  coal  g»s,  estimation  of 

Sulphur  in  iron  and  steel,  e»timation  of 
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Sulphur 


1  flulphiden,  deoompoMble  by  h;droclil(»ic  or  sulphuric  scid. 


Sulphuretted  hydrogen,  eslimatioD  of  by  ai 
Sulphuretted  hydn^o,  ertimstion  of  by  iodine    - 
Sulphuretted  hydrt^n,  eBtimation  at  by  penuinganAte 
Sulphuretted  hydrof^n  iu  w&leni,  estimitioD  of    - 
Sulphuric  >cid,  combined,  titration  of   - 
Sulvhuric  &cid,  combined,  in  waters,  estimation  of 

ic  acid,  estimation  of  (Mohr)  -  -  - 

ic  acid  in  presence  of  hydrofluoric  acid,  estinuitiMi  of 
ic  acid,  precipilation  of  by  normal  barium  chloride 
ic  anhydride 


Sulphur 
Sulphur 
Sulphur 
Sulphur 
Sulphur 


icid  and  sulphites,  estimation  of 
Suspended  natter  in  w  ' 
8yBt«m  of  neiKbtH  and 


I,  decinormal  tolutjon  of 


U!<ed  in  volumetric  analysis 

Table  tor  analysis  of  alkalis,  alkaline  enrths  and  acids 

Tannic  acid,  e«timation  of      - 

'huinio  and  gallic  scidn,  e 

Tannin,  direct  precipitation  of 

l^nnin  in  tea,  estimHtion  of 

ISnnin  in  wine,  cyder, 

Tartaric  acid,  estimation  of    • 

Tartaric  acid  liquors,  treatment  of 

Temperature,  effect  of  on  stjuidard  solutions 

Tbiocarbonates,  titration  of    • 

Thiocjanate,  ammonium  or  pots 

Thiocyanio  acid,  eetimation  of 

Thomas's  gas  ippKntus      .  -  - 

Tin,  direct  titration  ot  ■  - 

Tin,  indirect  titration  of        - 

Tin  in  alloys,  estimation  of    - 

Tin  ore,  reduction  ot  -  -  - 

Titanium,  estimation  of         - 

Titration  ot  alkaline  salts       .  -  . 

Turmeric,  accurate  titration  by  (Dupre) 

Turmeric  paper      -  .  -  - 

Two-foot  tube  in  walfr  analyxis 

Uranium,  estimation  of  -  -  -  ^ 

Urea,  estimation  ot         .        -  -  -  ~ 

Urine,  analysis  ot   - 

Urine,  estimation  of  chlorides  iu 

Urine,  etitimation  of  phosphoric  acid  in 

Urine,  estimation  ot  soda  and  potash  in 

Urine,  estimation  of  sugar  in  -  - 

Urine,  estimation  of  sulphuric  acid  in 

Urine,  estimation  of  uric  acid  in  - 

Vanadium,  estimation  ot        - 

Vinegar,  estimation  of  free  mineral  acids  in 

Volumetric  analysis,  general  principles  of 

Volumetric  analysis  and  gravimetric,  distinction  between 

Volumetric  analysis,  without  burette:*,  et«. 

Volumetric  analysis  without  weight-"    - 


lankly  n's  albuminoid  a 

TVater  analysis,  collection  ot  samples  tor 

Water  analysis,  calculation  of  results  ot 
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W«ter  snalysis,  interpretation  of  reoultBof 

Water  uulysla,  reageDts  for  - 

Water  aualyiiis,  system  of  reoording  results  of 

Water  armlysia,  table  of  results  of 

Water,  ealinutioQ  of  chlorides  in 

Water,  amell  of      - 

Water,  alciuio  and  nugneaiuin  carboivit«s  in 

Waxes,  technical  examination  of 

Wij's  iodine  solution,  prepu^tionoF  - 

WilliamBOtiHna  Russell's  gas  appuBtus 

Zino  dust,  puriReation  of  (note) 

Zinc  dust,  Taliiatioa  of  - 

Zinc,  estim&tion  as  ferrocyanide   - 

Zino,  estimation  as  oxalate 

Zinc,  estimation  as  lino  ammonium  phosphate 

Zinc,  indirect  estimation  of 

Zinc,  precipitation  as  sulphide,  etc. 

Zinc,  precipitation  by  sodium  sulphide  • 

Zinc  oxide  and  carbonate,  titration  of   - 

Zinc  in  waters,  estimation  of  - 
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